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Abstract 


The mutagenicity of benzene was evaluated using several 
techniques, A host-mediated assay using Salmonella typhimurium 
TA 1950 as the in®icator organism in mice was conducted following 
two subcutaneous jnjections of benzene (0.1 ml/kg) or saline 

(0.1 ml/kg). The results showed no differences between the two 

treatments in the assay. A dominant lethal assay was conducted 
‘following a sifigle intraperitoneal tajoction of Olive oil 
(0.50 ml/kg), benzene (0.50 ml/kg) or triethylenemelamine 
(0.25 mg/kg) using male rats. Necropsy data from pregnant fe- 
males obtained by mating two female rats/week with each treated 


- male over a 10-week period were analyzed. No dominant lethal 


effects were observed in the female rats after benzene treatment 
of the male rats whereas after triethylenemelamine treatment of 
“che male rats, a significant increase was observed in dead 
implants/pregnant female during weeks 2, 3 and 4. Cytogenetic 
studies were conductéd on bone marrow and blood specimens 
collected at ea Y 30 and 70 days following a single intraperi-. 
toneal injection of olive oil (0.50 ml/kg) or benzene (0.50 ml/kg) 
using male rats. Metaphase spreads were enclysed for chromosome 
aberrations. A significant increase in the number of cells con- 
taining achromatic lesions, chromatid deletions, and chromosome 
deletions was observed in bone marrow specimens from the benzene- 
treated animals at 1 day. and in chromatid deletions at 8 days. 
Double minutes, restricted solely to the benzene-treated animals, 
were observed at 1, 8, 30 ond 70 days in bone marrow chromosome 
preparations. Technique problems in culturing the blood speci- 

- mens to obtain. metaphase spreads were encountered with the 30 


* 
= 
“ 
. 
/ 
| | 
be 
a 
¥ 
‘ 


.and 70 day blood specimens from both treatment groups 

resulting in the loss of the 30 day samples and snduned growth 

in the 70-day sempies.° Chromosome pycnosis was observed in 

blood specimens from the benzene-treated animals at 1, 8 and | 

) 70 days and very few metaphase spreads were located. Double 
minutes were detected in the 1, 8 and 70 day blood specimens 


obtained from the benzene-treated animals. No double minutes 
‘were observed in blood specimens obtained from control animals. 
Results from testing benzene in the bacterial plate assay with Fs 
‘Salmonella typhimurium TA 100 and TA: 98 as the indicator | 


organisms showed no increase in reversion rates. Liver homo- © 

genates prepared from rats treated with 5-netiwichelesthrene 

or phenobarbital were incorporated into the assay. No increase 
in the reversion rates was observed using benzene at several 


concentrations in the activated bacterial plate assay. ‘Testing-— 


of benzene after the addition of 1,1,1,-trichloro-2,3-epoxy- 
piegene at several~concentrations to the liver homogenate mixture 
\ in the activated bacterial plate assay produced’ data similar to 
the results observed with benzene alone, Bromobenzene and . 
‘chlorobenzene were tested in the activated bacterial plate 3 


assay with Salmonella typhimurium TA 100 and TA 98 using a 


liver homogenate from 3-methylcholanthrene-treated animals; 
both compounds were negative. Use of bone marrow homogenates — 
from rats treated with 3-methylcholanthrene or untreated in the 


activated plate assay in place of liver homogenates was unsuc- 


cessful. Using the micronucleus test in rats, three concentra- 


tions of benzene (0.05, 0.10 and 0.50 ml/kg) were evaluated 
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following intraperitoneal injection of one-half the dose 30 


hours before‘ sacrifice and one-half the dose 6 hours before 
sacrifice. Olive oil (1.0 ml/kg) and triethylenemelamine 

(0.25 ns injected similarly served as the negative and 


positive controls, respectively. A significant dose-related 
increase in polychromatic erythrocytes containing micronuclei: 

was obsezved:in the benzene-treated The results of 
the various techniques are compared and discussed. The results . 
are also discussed in relation to the mutagenic risk posed by 


_ benzene exposure. 
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HISTORICAL 


Information concerning the metabolism and eniledie of 


benzene has been available from_the literature for several 
years: My interest in benzene has been stimulated by the 


appearance in the literature in the last few years of several 


_ articles which increasingly point to benzene exposure as having 


or another to varying concentrations of benzene alone or in 


an effect on hufian chromosomes. ‘Most of these articles are 


‘based on clinical observations following exposure at one time 
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combination-with other Solvents. ‘Preliminary studies have 


"also: demonstrated the chromosome effect experimentally. ‘Since’ 


biotrans formation: of benzene gives rise to several meta- 


bolites which may be involved, in addition to the | benzene 


itself, a consideration of the metabolism must be’ ineluded. 


Background 
Benzene hes. wide use in the industrial set- 


ting. It is used extensively as a solvent’ in the chemical and 


drug industries and as a starting material and intermediate in 


the synthesis of numerous ‘chemicals. The lastest figures 
available indicated production in excess of one billion gallons 
in 1969 (NIOSH, 1974). % 

It is probably one of the most hazardous solvents in 
‘common use. Acute poisoning by benzene appears to be due to 
a narcotic action. The inhalation of high concei:trations may 
cause exhilaration followed by drowsiness, fatigue, vertigo, 


nausea and headache. At higher concentrations or longer 
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exposure times, corivulsions followed by paralysis and loss. . 
of consciousness may ensue. Death can result quickly from 
respiratory paralysis. The acute toxicity problem concerning 
benzene is of secondary importance in industrial situations 
to the chronic toxicity. | 

The effects of benzéne inhalation over prolonged periods 
of time, measured in terms of years, are of }aranount impor- ~ 
tance to the occupational use of this agent. The National | 
Ingtitute for Occupational Safety-and Health (NIOSH) estimates 
that two million individuals in the work force have a poteiigial 
“€or exposure (NIOSH, 1974). The Threshold Limit Value (TLV) 
has been set at 25 ppm but it is. considered not good practice 
to exceed this even for brief periods without suitable respira- 
tory (Fed. Reg,, 1972). “The NIOSH recommended 
standard for occupational exposure to benzene suggests, the 
lowering to 10 ppm with a ceiling of 25 ppm. ‘— 
Due to its lipid solubility, benzene tends to be accumu- 
lated in fat and the bone marrow. The chronic toxic effects 


of benzene exposure therefore are those of injury to the bone 


Marrow, producing degenerative changes in the hematopoietic 
system, with the salient feature of a plastic ‘anemia sometimes 
coexisting with areas of hyperplasia. The symptoms, signs and. 
blood changes may not always present a typical picture of | 
severe anemia and leukopenia. In addition, there appear to be 
host differences in susceptibility and in the capacities of 
individuals to reestablish normal hematopoietic function 


following chronic exposure. 
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La The relation of benzene poisoning to leukemia has never 
; definitely been resolved but there have been many reports which 
tend to substantiate such a relation. The pathogenesis of 
leukemia is obscure and its etiological relation to any parti- 
cular exposure , possibly 15 years earlier, is difficult to 
establish... Vigliani and Saita (1964) published a study con- | j 
ducted between 1942 and 1963 in Italy. Of 
observed with benzene hemopathy from industrial exposures, six a aoe / 
developed leukemia, The patients were all documented benzene. ‘ 
exposures although the exact concentrations were never deter- 
mined. It was assuned that the concentrations were significantly 
above the maximum allowable values. Published in this report — 
were similar results from a French study in which six cases of 
leukemia were observed out of 42 cases of benzene myelopathy. / 
According to the- Italian authors, the risk of death from 
“leukemia in subjects. exposed to benzene is 20-fold that of the } 
_ general population in the area. More to the point was the ob- 
servation that of these patients who died from chronic benzene 
poisoning, approximately 50% died from one form or, another of 
leukemia. These authors suggested it would be interesting to 
undertake s systematic study of the chromosome of bone merrew 
cells in chronic benzene poisoning and to follow clinically 


and hematologically the patients with altered patterns. 


Benzene Metabolism 


The biotransformation of ‘benzene has been well documented. | 
The classic studies were carried out in rabbits by Parke and 
Williams (1953) and are outlined by Williams (1959) in 
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Detoxification Mechanisms. the initial outline 
little “was added until recently whe 
at the National Institutes of Health ee ee | 
rs 


on aromatic hydroxylation reactions in mammalian live 


n several workers mainly 


tems. 
ta: It is now thought that formation of an epoxide interse-— 
| diate may, be the primary metabolic step by: which hepatic mon« - 
enzymes transform aromatic compounds. While this 
concept is not a new idea, Boyland ‘and Wolf (1950) suggested 
| that this was a likely method, most of the experimental evi- - 
dence has been produced ‘in the last few years. Vogel and 
Gunther (1967) pushed the work forward when they developed. 
synthetic methods for the production of several of the postu- 
lated intermediates. These intermediates were called arene 
oxides and refer to the epoxidation of one doublé-bond of the 
aromatic nucleus. The production of several synthetic arene 
oxides. by the NIH group and in vitro testing published in a 
series of articles documented the biological existence pf 
epoxide intermediates. ae 
The enzymatic conversion’ of arene, wxjdes ‘ras first shown 
to produce the metabolites found following the in vivo trans- 
formation of the parent molecule. Jerike et al. (1968a) 
demonstrated this using a benzene oxide-oxepin tautomer. 
Phenol, 1,2-dihydro-1,2-dihydro nzene,|catechol and a glu- 
tathione conjugate: were in vitro incubation of 
‘the benzene oxide in a rat liver system. All of the products 


‘forned are also seen when benzene is administered and meta- 


bolized in vivo. The isolation of an argne oxide in a 
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biological system following the administration of the — 
compound had to. be shown. Jerina et al. (1968a) attempted 

this in a liver — using. benzene-c!4 but no benzene-c14 
éxide | uid be isolated. The authors reported that this may 
due to Problems or the low rate of metab- 


olism in vitro and instability of the benzene oxide. A 
direct demonstration of an arene oxide in the metabolism of 
benzene has yet to be reported (Jerina and Daily, 1974). 
Jerina et al. (1968b) did isolate Lspiatcosians oxide forned 
from. naphthalene. Jerina et al. (1 ) demonstrated that in 
the case of naphthalene, | the oxide was the primary oxidation 

_ product’ and that its formation probably was the rate limiting 
step. 
Data has been accumulating which indicates that the pro- 
duction of an epoxide on biotransformation of aromatic hydro- 
carbons can occur with a _ variety of compounds. Udenfriend: 
(1971) suggested that eae a chemical basis, all microsomal 
hydroxylations of could involve similar 
mechanisms and that a pattern of metabolites such as phenols, 
dihydrodiols, catechols and mercapturic acid derivatives may be- 
taken as presumptive evidence of an active arene oxide inter- 
mediate. Isolation of more complex ring system epoxide sncen- 
mediates has been reported from the microsomal metabolism of 
phenanthrene, benzo(a)pyrene, benzo(a) anthracene, dibenzo(a,h) - 
anthracene (Sims et al., 1971; Wang et al,, 1972). 


| The production of an active intermediate epoxide has been 
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suggested possibie mechanism for the toxicity, muta- 
¢ genicity and carcinogenicity of biological unreactive aromatic 
| compounds such as the polycyclic aromatic hydrocarbons (PAH) 
and simpler monocyclic aromatic hydrocarbons. Following con- 
version of the compound to ‘an epoxide, there appear to be 


several means to detoxify the intermediate. Boyland and 


a. Williams (1965) reported on a rat liver enzyme, glutatione Be 
‘ S-epoxidetransferase, and suggested that this was probably 
_ the enzyme responsible for in vivo glutathione conjugation of 
. | epoxy derivatives. This conjugation has been suggested as a 
protective reaction for tissue nucleophilic sites from elec- 
trophilic attack protecting. the nucleophilic sulfhydryl 
groups of enzymes (Boyland Chowne 1969). Jerina et al. 


(1968a) demonstrated the conversion of arene oxides to phenolic 
compounds in a non-enzymatic but protein catalyzed. rearrange- 
ment making possible the detoxification in the Liver by conju- 

~gation with.glucuronic and sulfuric acid then elimination. A 
third pathway appears to be the conversion of the. epoxide to 

a dihydrodiol catalyzed by a microsomal enzyme, oo hydrase 

- (Jerina et et al., 1968a;.Oesch et al., 1971). 

| Weibel et al. 971) reported that there ‘appear to be at ' 
least two forms of this enzyme system in rat tissues which chan 
be differentially induced in vivo by phenobarbital or 3-methy1- 
cholanthrene. As a consequence, the profile of metabolites may 


also differ in various tissues producing differences in the 


levels and distribution of the active intermediates. The in- 
duction of the monoxy genase to produce the epoxide and of the 
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epoxide hydrase. for further transformation does ‘not occur in 
parallel and the combined effect of both enzyme systems may 

- depend” on the degage of association between the two in the 
microsomes (Jerina and Daily, 1974). 


Most of the work monocyclic aromatic hydro- 
carbon epoxide formation as a mechanism of toxicity has been 
(1971). and Mitchell 


gt al. (1971) reported on in vivo studi s of bromobenzene- 


with halogenated benzenes. Brodie et 


induced hepatonecrosis. Phenobarbital induction of microsomal 
enzymes increased the severity of- necrosis from bronebensene. 
administration. Those animals which had the greatest hepatic. 
damage had the lowest concentration of bromobenzene in the 
liver and plasma. The severity of necrosis was iecreased 
beta-diethylaminoethy1 diphenylpropy1 acetate (SKF 525-A), a | 
‘microsomal enzyme sistem inhibitor, which incres ed plasma 

and liver levels of bromobenzene. These workers suggested 

Fr that the active epoxide produced the necrosis by alkylation 


of various macromolecules in hepatocytes. Evidence of ‘the ae) 


binding in was provided by autoradiograms using” = 
| 
C 


“bromobenzene (Krishna et al., 1971). 
Experiments depleting Liver glutathione using diethyl 
/ maleate pre-treatment or increasing the level of glutathione— 
| by administration of cysteine established a protective role 
for glutathione in. halobenzene- induced liver necrosis (Reid 
Krishna, £975}: Similar attempts to show ‘the epoxide 
hydrase enzyme int a protective role against 


induces ‘by halobepsones were inconclusive. (Oesch et al., 1973). 
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- Benzene Exposure and Chromosome Studies. 
3 Industrial workers. Tough and Court Brown (3895) pub- 


lished a preliminary investigation on chromosome aberrations 
and exposure to ambient benzene from 1 to 20 years without | 
signs of toxicity. On-site personnel who were “considered not 
to have been vexposed and randoaly. selected*nales from the. 

general population were used as controls. Cells containing 
spereessems were scored and the two control groups did not 
significantly differ. Tough and Court Brown did report a Ear 
significant increase in the number of cells with aberrations 
from the exposed workers as compared to both control groups. 

The euthpre were confident that radiation exposure was not 

responsible. _ In a later paper, Tough et al. (1970) took ‘two 

other groups of factory workers from different locations who 
~. had. been exposed to benzene, ran cytogenetic studies and 

: compared the data from these two factories with the previous ~~? 
study. In the two new groups. there were no significant | 

" Hneteases observed in.cells with aberrations in the exposed 
workers when compared to thei* on-site controls. In one of 
the new groups, there was an increase when compared to the 
general population sample but in the other, exposed workers, 
controls and general population controls were all 
about the same. Various reasons were suggested to account | 


for the discrepancy in results including the possibilities, 
a) that the on-site controls could. have had significant ben- 


zene exposure, -b) that the age of the workers in the groups 
_ which tended to be somewhat different could account for the 


3| | - results and c) the suggestion that the benzene exposure 
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Ievel of the group where no differences were seen could have 
-been-less than for the other two groups. 

Forni et al. (1971a) on chromosome studies 
carried out on workers exposed to benzene, toluene or both 
chemicals, The benzene workers ran the gamut from no signs | 35 

. of toxicity to severe benzene hemopathy. Controls were matched 
for sex and age. The proportions of chromosome aberrations 
were significantly higher ih the benzene group as compared to. 
a the toluene and tontrol groups. There was a non-significant 
increase observed between the toluene and,control groups. “In 
‘mee another study, ‘Forni et al. (1971b) observed chromosomes of 
lymphocytes Sei 25 subjects who had recovered from benzene 
hemopathy, ‘4 subjects with bone marrow toxicity. from benzene 
: | and 3 subjects who had recovered from acute benzene poisoning. 


All. had Significantly increased rates of chromosome aberrations 


which were still present several years after cessation Of 
exposure and clinical recovery from the poisoning. No correla- 
. tion. seemed to exist between the. severity of benzene poisoning 
“and the persistence of changes. 


Benzene- induced leukemia. Forni and Moreo (19675 repergat 


on a patient who. had benzene induced anemia which evolved into | 

acute myeloblastic leukemia a long latent period.. At a. 

time when the patient showed severe anenia, aplastic bone i . ae 
marrow and no inmature leucocytes, a high rate of chromosome. ‘ 


aberrations were found. Later, still in the of’ inmature. 


leucocytes, numerous ‘tells with 47 chromosomes were detected in 
_ bone marrow. When myeloblasts appeared in the blood all cells 


zi with 47 chromosomes, prepared from bone marrow and blood, 
xi | | 


| 
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showed the same karyotype with an extra C group chromosome. 
The ani chromosome changes observed in bone marrow cells 
before the onset of leukemia changed when clinical leukemia 
was diaynscod to a single abnormal clone present in leukemic © 
‘cells of bone mar rowand blood. A hypothesis was suggested 
that benzene exposure may “induce different chromosome changes 
and that leukemia may occur in those cases where a potentially 

leukemic clone with seléctive advantage was produced by the 
benzene. These two workers reported (1969) on another patiént 
in whom cytogenetic studies were carried out who had a case of 

. acute erythroleukemia which occurred after benzené exposure. a 
In preparations frém blood alll bone narrow, a stemline of 46 

_ chromosomes was present with a pseudodiploid karyotype due to 

' the absence of 2 chromosomes of group E and the presence of 2 

‘snall markers. The abnormal chromosome complement seemed to 


' characterize a stem-cell common to both seriesy 


Hartwich et al. (1969) reported on’ chromosome studies _ 
from a patient who developed acute myeloid leukemia after four ” 
years of benzene exposure. Their studies showed an anomaly 
| rate of 20% as compared to controls of. 5%. All anomalies were _ 


‘simple’ break phenomena. | 
Experimental studies. While the clinical data that have 


been accumulating, mainly from the Italian studies, seem to 
| indicate that benzene inhalation will produce chromosome 
aberrations, little experimental work has been carried out 
using controlled conditions. Dean (1969) published a study 
e ¢ demonstrating the applicability of cytogenetic methods in rats 
to the evaluation of chemically. induced damage and benzene was 
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one of four substances tested to demonstrate the technique. 


He injected benzene in single doses of 

1.0 and 2.0 ml/kg with male and 0.5 and 1.0 m1/kg with female | 
rats. Aberrations were observed in bone marrow. ceils in rats 
of both sexes 24 hours after treatment with the 1.0 ml/kg ee 
dose. Only the male rat showed aberrations 24 hours after 
the 0. 5 ml/kg injection and the fale treated with 2.0 ml/kg 
showed less chromosome dafhage than the male. at 1.0 ml/kg. Ain 
_preparations nade 8 days after _tredtment ao, damage was seen. 
Peripheral blood cultures which were made only with female 

rats showed hevwnas 24 hours after treatment at both 0.5 and 
much reduced level of damage. The study was ‘qatrenely 

limited with one animals used for each treatment and can not es 

_ Philip and Jensen (1970) ‘published.a brief “bee on the 

induction of chromosome ‘abnormalities in rat bone marrow cuntad 

_using benzene. Five groups of 3 rats each weretinjected sub- 
cutaneously with benzene (2.0 ml/kg) . Group I receive benzene s— 
48 and 24 hours before sacrifice and group II, 72, 48 and 24 

hours before sacrifice. Groups III IV and V received a 

single injection 12, 24 or 36 hours, respectively, before 

sacrifice. ~All treatment groups except V showed’ structural = 
aberrations which were exclusively chromatid deletions. 


Fon ww 


Dobrokhotov (1972) in one section of his: study adminis - 


tered benzene (0. 2 g/kg) subcutaneously to 5 rats daily for 


12 days and analyzed bone marrow samples for chrosbsone | 


3 aberrations. He reported a 3-fold increase in errations 


; 
x 


. 


which consisted solely of chromatid deletions and achromatic 


lesions. 
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INTRODUCTION 


It fas become increasingly ‘recent years 


‘that many substances to which man is exposed present potential: * 


but to ‘test. the. entire. spectrum would exhaust 


the abilities of those workers in the field of chemical muta- 
- génicity. The approach suggested “by many groups is to consider 
first all available information such as previous mutagenicity 
testing, population exposure-potential, of usage and 
chemical structure among other cherries oe determine where to 
place priorities* for extensive testing. At the time of plan- 
' ning my thesis, application of this approach to benzene seemed 
warranted. 
While there have been no definitive epidemiologic studies 
published, the available evidence collected from industrial 
situations (Tough & Court Brown, 1965; Tough et. al., 1970; 
Forni et.al., 1971a § 1971b; Forni § Moreo, 1967 § 1969; 
Hartwich et al., 1969) seems to indicate that chronic benzene 
exposure with or without progression to a leukemic state may 
produce chromosomal aberrations, The limited animal studies 
reported to date re-inforce these epidemiologic observations 
(Dean, 1969; Philip § Jensen, 1970; Dobrokhotov, 1972). | 
addition, there is strong circumstantial evidence that the 
" ‘mammalian biotransformation of benzene leads to a highly re- 
_active intermediate epoxide (Jerina § Daly, 1974) which may be 
responsible for many of the toxic symptoms seen in chronic is 


benzene intoxication and may also be mutagenic based on evi- 


dence’ available for other epoxides (Mrak Commission, 1969). 
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‘This information, when considered in conjunction with both 
the high production volume and the large occupational force 
eee (NIOSH, 1974), points out the sigaisecent genetic 


threat posed by benzene exposure. The seriousness of the 


situation mandates bdditional, extensive study. 
Discussions at a recent workshop on. the evalustion . 
mutagenicity (de"Serres Sheridan, 1973) emphasized - 
| the concern felt by many workers in the field regarding the 
reliability of individual test procedures employed in muta- 
genicity testing. While awaiting the development and trial 
of more reliable tests, the best epproecn. be the 


judicious use. of a battery of tests which might give more 


assurance in the estimation of risks. In 1969, the Advisory 
Panel on Mutagenicity of Pesticides nike asin cae: 1969) 


reviewed various -methods for mutagenicity testing and recom- — 
mended the testing of compounds in three mammalian systems, 
the dominant lethal, the: hest-mediated and in vivo ‘cytogenetic, 
along with ancillary microbial systems. This basic approach 
has also been endorsed by others (Legator, 1969; Malling, 1970). 
the available information pointed to 
the mutagenic threat from benzene exposure, this study was 
initiated to evaluate the problem more extensively. The first 
phase of the study was designed. to evaluate the sutagenic 


potential of benzene using three mammalian test systems: a) 


the host-mediated assay in mice usifg Salmonella typhimurium 


as the indicator organism (Legator, 1973), b) the dominant 
lethal test in rats (Epstein, 1973) and c) in vivo cytogenetic 
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analyses of bone marrow and blood eapibinii from rats (Farrow 


et al., 1975). The development by Nemenzo et al. (1975) of 


- techniques for obtaining bone marrow samples for cytogenetic 


analyses repeatedly from the same rat permitted the simultaneous 
assessment of cytogenetic and dominant lethal mutagenicity over 
a 10-week period. In the second phase, ancillary microbial 
testing of the’ mutagenicity of benzene using a liver-activated 
Salmonella typhimurium plate assay (Ames et al., in press, = 
1975) was incorporated into the study. Liver homogenates from 
rats treated with 3-methylcholanthrene or phenobarbital were 
employed as the activation system. Use of.1,1, 1- trichloto- 2, 
3-epoxypropane in an attempt to block the in vitze. biodegrada- 
tion of the theoretical epoxide intermediate was included in 
several of the bacterial tests. Trial use of bone marrow homo- 


genates from rats treated with 3-methylcholanthrene or untreated 


as the in vitro activation system in the bacterial plate pep 


~ 


was attempted for comparison. Further essocqnent with another 


mammalian system, the micronucleus test using rats (Schmid, ~ 


1975), was included for a dose-response evaluation. All testing 


with benzene, excluding the microbial procedures, was conducted 


following large doses, parenterally injected. 
It is hoped that this work may serve aXa starting point for 
further animal mutagenicity studies chronic jahalation 
of benzene. In the interim period, the data obtained should — 


provide answers for application to the question of benzene 


mutagenicity. 
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- VB Salts (Vogel § Bonner, 1956). 


METHODS 


So lutions and Media 


The complex mixtures used for the research procedures are 


: given below along with the reference for their composition. 


Simple mixtures used in the work will be described when 


mentioned. 


warm distilled water (45° C.) _ 670 mil 


magnesium sulfate (MgS0O,°7 H20) 10 g 
citric acid monohydrate 100 g 


- potassium phosphate, dibasic, anhydrous (K2HPO, ) 500 g 


Add the salts in the order indicated. Allow each salt to 
dissolve completely before adding the next. When the salts are 
all dissolved, let the solution cool to room temperature. Add 
5 ml chloroform per liter of solution ang store in a capper 
bottle at room temperature. 


Nutrient Broth 


Bacto-nutrient broth (Difco) Pee 0.8 g 
sodium chloride 0.88 
distilled water 100 ml 

Dissolve the gi and dispense into capped closure 
tubes. Autoclave and store at room temperature. 


Minimal Glucose Agar Plates (Anes. 


A. VB salts ml 
distilled water a 500 ml 
B. agar (Difco) eo 15 g 
distilled water - 500 ml 

C. 40% glucose-solution 


To Agar (Ames, 1971 


Autoclave solutions A, B and C in separate containers. 
While still hot, mix together and pour plates (30 eh ce 


agar (Difco) 0.6 
sodium chloride 0.5 g 


| 
~ 


| 
ar Dissoive the ingredients and autoclave. Maintain at 45° C. 
to, prevent hardening. trace of histidine and an excess of 


biotin to the solution prior to adding the bacteria (10 m1/100m1 - 
histidine-biotin solution). 


Histidine-Biotin Solution (Ames, et al. in press, 1975) 7 


L-histidine-HCl {0.5 mM) and biotin (0. 5 mM) in distilled water. 
= w autoclave! Sterilize by filtration. Use 10 mi/100 ml of 


§-9 Mix es,” in press, 1975) 
S-9 fraction | 1.0 ml 
(3 ml sterile KCL solution (1.15%) per. gram 2 
of liver) 
‘sodium phosphate buffer, 200 mM (pH 7.4) 5.0 ml 
Magnesium chloride solution, 8 mM v 
glucose-6- (Sigma) 14 mg 
NADP (Si gus) 
distilie water, sterile 2.9 ml 


The magnesium chloride sodium buffer are 
prepared in advance and stored. Before use, they are auto- 
claved. The ‘NADP and G-6-P are not autoclaved but are dissolved 
in the sterile distilled water. Variations in the amount of S-9 
_ fraction used require compensation by increased or decreased 
amounts. of 1.15% KCl solution. 


/ .” Blood Culture Media (Moorehead, et al., 1960) - 
Minimum Essential Medium (MEM) . 100 ml 
(Microbiological Associates) 3 
Fetal Calf Serum 25 ml 
(Microbiological Associates) | 
Phytohemaglutinin P (Difco) 6.2 nl 
1.5 ml dissolved in 4.7 ml MEM 
-sodium heparin, 100 units/ml (Invenex) 2 ml 
L-glutamine, 200 mM ee 
penicillin G, aqueous (Squibb) .  _ 200,000 units 
streptomycin "sulfate (Pfizer) — | 4 mg 
Copper Sulfate-Sodium Potassium Tartrate Solution (Lowry, gt al 
7 - 
dium potassium tartrate 2% in water 1 ml. 
sodium carbonate 2% in 0.1 " sodium iitientte 


‘solution | 98 ml 
Giemsa Stain : 


. . Giemsa dye, 1 gram, mixed in 66 ml of glycerin. Heat to 60° C. 
3 for 2 hours cool.. Add 66 ml of methanol, stir for 24 hours — 


and filter. 
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Mix 0.3. grams me Greenwald dye in 100 ml of methanol, 
‘warm to 50° ce then cool to room temperature. Let stand with’ 
occasional shaking for 24 hours and filter. | 


Host-Mediated 


¢ - A total of 16 male Swiss albino mice (23- 28 g) were used 
with s in the control group, 5 in one benzene-treated group 
ans a 6 pre-treated for enzyme induction then treated with ben-: 
The 6 mice in the last gropp received phenobarbital 
sqdium intraperitoneal ly. (35 mg/kg) twice daily for 3 days 
pribr to initiation of the experiment. ; 
Nutrient broth was inoculated from a stenderé culture of | 
aim TA Agso strain of Salmonella typhimurium LT-2 and incubated 3 
ovgehight at 37° Cc. The grown culture was then diluted with 
sterile saline 1:4. On the day of the experiment, each mouse 
wee injected intraperitonmeally’ with 2 ml of this fresh bacteria 
cell suspension. _ Following this, all mice were injected sub- — 
cutaneous ly, behind the head at the base of the neck, with 
either 0.1 ml of sterile saline solution (control) or 0.1 ml 


of benzene. This injection was repeated one hour later at a 


slightly different area at the base of the neck. The usual 
third injection an hour later was not given due to the de- 
teriorated condition Moted in the benzene-treated mice. 

The mice were sacrificed by carviesi* dislecetion 35 hours 
after injection of the bacteria cell suspension. The initial 


orn 


injections were made at 10 minute intervals and the mice sacri- 


. ficed at 10 minute intervals to allow time for removal of the 


bacteria from the peritoneal cavity while keeping the time Z 
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sequence constant for all of the mice. To recover the bacteria, 


the abdominal region of the sacrificed mouse was swabbed with : 
ethanol, 1.5 mi of sterile saline was injected, into the peri- 
toneum and the abdominal area gently massaged to mix the 
bacteria with the saline solution. The abdominal cavity was 
opened aseptically using sterile scissors and the exudate with- 
drawn using oa sterile 1 ml disposable syringe. As much fluid : 
as possibl was removed from each mouse and pisced in separate 
"sterile test tubes. Dilution blanks, containing 1.8 ml. of 
sterile saline for the. initial dilution and 4.5 ml for the 
following dilutions, ‘were prepared in advance for each speci- 
men. Tenfold serial dilufions were made: of each peritoneal 
sample (0.2 ml + 1.8 ml then 0.5 ml + 4.5 ml) yielding a con- 
centration series from 10° (undiluted peritoneaf. exudate) ea 
oS ‘To determine the total bacteria count and the number of 
revertants obtained from each mouse, 0.1 ml of each concentra- 
tion in the series was plated on aininal g cose agar plates. 

_ A standard pour-plate technique was used: 9.1 ml of the 
bacteria sample and 2.2 ml of molten top agar containing 
histidine-biotin solution were mixed in a sterile tube and 
poured over the surface of the base plate. This was. allowed — 
to harden, the plate inverted and incubated’ at -37° C. for 48» oF 
hours. Enumeration for his* prototrophic revertants was made 


using plates prepared from the undiluted peritoneal samples 


while total cell count was determined from plates prepares. 


from the 10°° dilutions. | | 
5 __ Colony-forming units (CFU) per ml of the uridiluted exudate 
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were calculated for each mouse from the total cell count X 


the dilution factor and a myrat ion frequency (MF) calculated. ‘ 
a | his” revertants/ml undiluted exudate 
MF = undiluted exudate 


The MF.of the control group of animals was compared with-that 
of the benzene-treated groups. | | 
An in vitro assay using the mi 1950 strain was “conducted ~ 
sto parallel the host-mediated assay. Fifteen nmininal glucose 
| agar plates were overlayed with 2.2 ml of top: agar containing 
 histidine-biotin Solution and 0.1. ml of undiluted TA 1950 
culture: To prepare the mixture, 100 ml-of top agar was 
autoclaved then held in a water bath at 45° Cc. Ten ml of 
histidine-biotin solution was mixed into the agar and 5 ml of 
the undiluted culture was added. From this mixture, 2.3 ml 


- was pipetted directly onto each minimal glucose agar plate and 


the overlay allowed to harden. Five plates were left untreated 

for ‘determining the spontaneous reversion Fate, S had a crystal 

‘. of sstunees aiphied placed in the center of the plage and 5 had 
one drop of benzene placed in the center. The plates were 
inverted and incubated in the dark at 37° C. for 48 hours. 
OOS ats The number of his” revertants per plate was determined and 
: ‘comparison made between the untreated, benzene-treated and 

. nitrogen mustard- treated plates. 
The methods used are a modification of cies reported - 

Legator (1973) for the host-mediated assay and Ames et al. 
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Bacterial Plate Assay 


‘Several activated bacterial plate assays were conducted 
using of the methods outlined by Ames et al. 
(in press, 1975). ' TA 109 and TA 98 strains of Salmonella 
typhimurium LT-2 were emp ,oyed as the indicator organisms. - 
Separate tubes of nutrient broth (5 ml) were inoculated from 
frozen cultures and placed in an agitating water bath. The 
bacteria samples were cultured overnight at 37° C. with shaking: 

The liver homogenate used in the activation system was 
prepared in: advance and stored. Eight male, Long-Evans rats 
(180-200 g) tajectes to induce liver 
enzymes. Two induction procedures were used with 4 rats in : 
each treatment group; 1) phenobarbital so ium (75 mg/kg) 
once daily for three days prior to sa ice and 2) *3-methyl-. 
cholanthrene (3-MC) in corn oil (75 mg/ ; 


g) 24 hours prior to- 
ie “sacrifice. On the day of preparation, all equipment, glassware. 
ed on several containers of 1. 15% KCl solution were sterilized 
then placed on ice. The animals were sacrificed by decapita- 
tion and the livers removed as quickly and aseptically ss 
sessibdis:. The individual livers were rinsed in KCl solution’ 
to remove any adhering hairs and weighed in tared beakers 
containing KCl solution. ‘The livers were removed and homo- * ’ 
genized as rapidly as possible without excessive heating using 
__3.ml of KCl solution per gram of liver. A Patter-Elvehjem 


tissue grinder immersed in ice inten was used for homogeniza- 


tion. All liver homogenates from the same induction treatment 
were pooled, mixed and centrifuged at 9000 X g for 20 minutes | 
5 5: | using a refrigerated centrifuge (4° C.). The supernatant 


x 


(S-9) fraction) was pipetted into sterile vials, quick frozen 
in dry ice-acetone and.stored in a freezer at -80° C; 

Protein was determined om the pooled liver samples of : 
each treatment procedure by the method of Lowry et al. a onl 
Four separate protein concentration were ‘made 
90, 270 and 810. The oe shinai were averaged to obtain the 
final value by comparison with prepared dilutions of Bovine ° 
Serum Albumin (BSA) . One ml of all samples was mixed with 1 ml 
of copper sulfate-sodium potassium tartrate solution and 

allowed to sit sor 10 minutes. Then 0.5 ml of Folin- Ciocalteu 

Reagent (0.1 N) was added to each sample and allowed to develop 5 

' for 30 minutes. The samples were read at 660 nanometers lag? 
| a Beckman DU and the. protein concentrations calculated by 

with the known BSA concentrations. 

On the day of the experiment, a vieal-of § S-9 fraction was 
removed fron storage, thawed and kept on ice. “The activation 
mixture (S-9 mix) was prepared using sterilized solutions and 

containers. The amount ef S- 4 fraction: incorporated into the 
S-9 mix varied depending on the experiment. The final volume 

_ of the S-9 mix was adjusted using 1. 15% KCl solution to main- 
tain the desired concentrations of ‘co- -factors. After preparing, 

._ the S-9 mix was always kept on ice and the leftover portion 


: discarded at the end of the day. 


Individual, covered culture tubes were autoclaved and 


placed in a water bath: at 45° C. A 250 ml flask containing . 
100 ml of top agar was autoclaved, placed in a water bath at 


S 45° C. to prevent hardening and 5 ml of freshs Selly grown 
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culture was added. Ten ml of histidine-biotin solution was 
added to the mixture using a filter sterilization ‘system 
attached to a syringe. The solution was agitated to mix, 2.3 
aa pipetted into each culture tube and the tube returned to 
the water bath. ay 
Test compounds were dissolved in sterile DMSO before 
addition to the tubes containing the prepared top agar om 
_ bacteria. Volumes of less than 100 ul of these solutions were 
added to the culture tubes using a Schwarz-Mann Biopitte 
ie delivery system. The tubes were agitated to mix the test com- 
pounds in the agar and 0.5 ml of S-9 mix was pipetted into the 
tube. The tube was immediately and rapidly rotated between 
the palms of the hands to thoroughly ‘mix the contents which 
_were then poured onto.a nininel glucose agar plate. The 


"pistes weré allowed to harden, inverted and incubated in the 


dark at 37° C. for 48 hours. The number of his* revertants on 
FF. each plate was recorded and compared to a negative and positive. 
control. | 
. Benzene at concentrations of 0.1, 0.5 and 1.0 yl per plate 
was evaluated using concentrations of S-9 fraction per plate of 
0, 1, 10, 20 ond 50 = Benzo(a)pyrene (BP) in DMSO at concen- 
trations of 10 ug/plate and 1 ywg/plate was used as the positive 
control and DMSO (25 ul/plate) served as the negative control. 
to determine the spentencous reversion rate. The compounds 
were examined with both * 100 and TA 98 as the tester strain 
using ‘$-9 mix pvepared from phenobarbital and 3-MC- induced * 
- animals. As a general screen, only one plate was used for each 


test condition. 
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A series of experiments using 3-MC-induced liver and TA 

100 tester strain was conducted with the addition of 1,1,1- a de | 
trichloro-2,3-epoxypropane (TCPO) in DMSO to the reaction 
mixture in an attempt to block one -of the pathways of benzene . 
metabolism. The amount of S-9 fraction in the activation mix- 

, ture was maintained constant for all runs at 50 yl/plate. 
Concentrations of benzene from 0.1 to 2.0 pl/plate were eval- 
uated with and without the addition of TCPO. TCPO at final 
concentrations of 0.05, 0.10 and 0.25 mM in the top dgar-S-9 
mix overlay was used. BP at concentrations of 0.5, 1.0 and 
5.0 ywg/plate was tested simultaneously as a positive control 
without TCPO. TCPO was added to an additional BP plate (0.5 

yg/plate) Overlay to test for any of reversion of 

‘the positive control. 

One experiment was conducted in which the S-9 mix (50 
ul/plate), bacteria and test solutions were mixed in sterile 
culture tubes and incubated in a water bath (37° C.) for 50 

| minutes with agitation. Following this procedure, top agar 
containing histidine-biotin solution was added to each tube ~ 
(2.2 ml) and the tubes pour plated on’ nininal glucose agar 


plates. The plates were then handled’as usual. Concentra- 
tions of. benzene in the culture tubes was reduced to 0.05, 
_« 0,15 and 0.3 wl to prevent lethality to the bacteria. TCPO 
at a final concentration in the tube of 0.25 mM was added to 
a second serjes of benzene tubes at the same concentrations. 
i BP séries (0.1, 0.4 and 0.8 pg) was used as positive control 
with TCPO included in an additional BP tube at the lowest 


concentration. 
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Bone Marrow Activated Bacterial Plate Assay 


An experiment employing the usual method was conducted 


on the benzene analogs, bromobenzene and chlorobenzene. The 


concentrations of these agents was the same as for benzene, 


0.1, 0.5 and 1.0 ypl/plate. Liver activation was provided by Zz 
_ phenobarbital induced S-9 at concentrations of 1, 10, 20 and SK 


50 pl S-9 fraction per plate. 


An attempt was made to use rat bone marrow as an activa- 
tion system in conjunction with the bacterial plate assay. 


Two, large untreated male Long-Evans rats (397 § 424 g) were 


sacrificed by carbon dioxide inhalation in a chamber and both ~ 


femurs from each rat were removed. An opening was made at each 
end for removing the marrow in the same manner ‘as that used in ; 
the micronucleus test. The marrow was flushed out using 2 nl - 
of ice-cold 1.15% KCl solution. The marrow from all four femurs | 
wae flushed’ into a small Potter-Elvehjem tissue grinder and 
homogenized. The fluid was centrifuged at 9000 X g for 20 | 
minutes et 4° end the supernatant collected for use. Because 
of possible contamination problems the supernatant was then 
sterilized by filtration, pore size 0.55 micron. The sterile © 
fluid was then used as the S-9 fraction in making S-9 mix. The 
concentration of all co-factors was identical to. that used when. 
liver served as the S-9 fraction source. Concentrations of the 
bone marrow S-9 fraction per plate of 10, 20, 50 and 100 yl | 
were tested using benzene concentrations of 0.1, 0.5 and 1.0 ul. 
(25 wl) and benzo(a)pyrene (10 wg) were used as the nega- 
tive and positive controls, respectively, with TA 100 serving 


~~ 
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as the indicator organism. Pour-plating and handling of the 
minimal glucose agar plates was conducted in the usual manner. 
‘The above experiment was repeated using 3 male Long Evans 
rats (400 g each). The animals were pre-treated with 3-methyl- 
cholanthrene (75 mg/kg) 24 hours prior to sacrifice. The 
animals were sacrificed and the femurs removed as before. A 
_ total of 5 ml of ice-cold 1.15% KCl was used to flush out all 
six femurs in an attempt to concentrate the marrow. The sus- 
pension was homogenized, centrifuged and filtered, Concentra- 
elnino bone marrow S-9 fraction per plate of 0, 10, 20, 50 
and 90 yl-were employed using benzene concentrations of 0.1, | 
O75, 1.0 and 3.3 yl. DMSO (25 1) and benzo(a)pyrene (10 ug) 
were used as the negative and positive controls, respectively, | 
with TA 100. Handling was as edieeey- | 
The protein concentration in the final filtered S-9 
fraction was determined using a modification of the method of 
Lowry et Y (1951). The procedure employed was exactly that 
| used for deternination of liver samples except dilutions of l, 


The bacteria strains used for mutagen testing were donated 


by Dr. B. N. Ames, University of California, Berkeley, The 


3, 9 and 27 were employed. 


Bacteria Strains 


initial samples were\cultured and stored at our laboratory at 
-80° C. The following table from Ames et al. (in press, 1975). 
-indicates the genotype of the TA strains used. 
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‘histidine mutation additional mutations 
hisG46 hisD3052 $LPS Repair  R factor 


TALOO TA 98 rfa  AuvrB +R 
TA 1950 | + AuvrB -R 


All strains were originally derived from Samonella typhimurium 
_LT-2. The rfa (deep rough) mutation eliminates the polysaccha- 
ride side chain of the lipopolysaccharide (LPS) that coats the 
bacterial surtace. Wild-type LPS gene is indicated by a +. 
The deletion (4) through the uvrB region of the chromosome 
eliminates the excision repair system for DNA. Two strains, - 
TA 98 and TA 100, contain an R factor (plasmids carrying anti- 
biotic resistance genes), pKM101, which increases mutagenesis 
with certain putagens (McCann et al., 1972). 

The TA 98 strain contains the .histidine mutation hisD30582, 
a frameshift mutation, which is reverted by a variety of poly- 
cyclic aromatic hydrocarbons (Ames et al., 1973b). Strains TA 
* 100 and TA 1950 contain the histidine mutation hisG46 which is 
a missense mutation, It arts reverted by a rw of muta- 
gens wast cause base-pair substitutions. (Anes, 1971). 
Dominant Lethal-Cytogenetic Study 


A preliminary. LDSO range test of.a benzene-olive oil ‘A 
mixture (1:1) was made using mature Long- Evans male rats prior 
to initiation of the study. Twelve rats wore injected intra- 
porspenestiy with the mixture, 6 at 1.0 ml/kg of benzene and 6 
at 2,0 ai/ke of benzene to check estimated LDSO obtained 
from the literature. From this work, a rough estinstien of 2.0 


ml/kg of benzene for the 24 hour LDSO of -a 1:1 solution of 
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benzene-olive oil was established. Following recommendations 
- outlined in other dominant lethal studies, approximately 
0.2°X LD5O or 0.5 ml/kg of benzene as the optimal 
dose for use in the study. The dose of aqueous triethylene 
melamine (TEM) was the same as that used in previous dominant 
lethal studies condacted bythe author in the same laboratory 
25 mg/kg). 

A total of 43 male Léaa-tpens (320-400 - ‘was used 
in the combined dominant lethal-cytogenetic study. These 
| animals were 12 weeks old,.mature breeders required for mating 
“in the dominant lethal portion. The Aninals were randqmly 
divided into the three treatment groups and ear punched for 
identification. Fourteen animals received olive oil (0.5° 
ml/kg) as a negative control group, 10 received aqueous TEM 
(0.25 mg/kg) for usé as a positive control in the dominant . 
lethal study and 19 were injected with sufficient 1:1 benzene- 
olive oil solution so that they received 0.5 ml/kg of benzene. . 
All treatments were single intraperitoneal injections. 

_ Ten control, 10 TEM-and 15 tenzene-treated males were 
placed into individual» cages 2 nature, 
virgin female Long- -Evans rats. The remaining 4 -eontues and 4 
benzene-treated males were housed in two separate cages in the 
same area as the other animals. All animals received food and 
| water ad libitum throughout the study. In the dominant lethal 
portion of the study, two virgin females were supplied each 
male every week. Twenty female rats were assayed for each 
‘male over the 10 week course of the experiment (2/week) for a 


total of 700 females. After caging with the male rat for one 
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week, the two females were placed in a viuiniakes cage for 
additional holding. ‘The females were sacrificed by carbon 
dioxide inhalation in a chamber 17 days after first caging 
with the male. The pregnant females were necropsied for ° 
gross abnormalities: corpre lutes, total implants, early 
fetal deaths and late fetal deaths were scored. At the time 
of necropsy, the pregnancies were between 10 to 17 days into 

The four additional males in the control and in the ' 
benzene-treated groups were used for cytogenetic analysis. ~* 
_ These animals were treated at the same time as the ones used - 
for the dominant. lethal study and sampled during the course 
of the experiment. Bone marrow biopsies and blood samples | 
were obtained from each of these animals at 24 hours, 8 days, 
30 days and 70 days. 

To obtain blood and bone marrow samples. for aebidiietie 
analysis, the rats were anesthetised using methoxyflurane 
(Abbott) and wrapped with a towel, leaving the lower extremi-. 
ties uncovered. The initial puncture was made in the skin at 
the center of the patellar groove using a heparinized spinal 
needle copresenns. a stylus. The needle was inserted through 
the boney structure into the distal end of the femoral canal, 
the stylus removed and a 5 ml dispossable sterile syringe 
containing 0.1 ml of heparin solution fitted tightly into the 
needle adapter. The plunger was retracted gradually until a 
brownish-red material entefed the syringe and mixed with the 
heparin solution. Approximately 0.1-to 0.2 ml of bone marrow : 


was collected from one femur of each animal. The bone marrow 
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samples were immediately flushed into 5 ni of pre-warmed 
(37° C.) Minimum Essential Medium containing 10 yug/ml of col- 
cimed (Denecolcine-Ciba) and incubated for two hours at 37° C, 

The blood samples were collected by making a small trans- 
‘verse incision just above the clavicle at the mid-clavi¢cular 
line exposing the cubclavian vein as it emerges at the Supra- 
clavicular fossa. A 2 ml heparinized sterile. ‘plastic syringe 
with a 20 gauge needle was used to extract 1 to 1. 5 ml of 
blood. The incisions were closed by ee wound clips and 
the rats returned to their cages. 

-Two- tenths to 0.3 ml of the freshly drawn blood was added 
to 5 ml of pre-warmed (37° C.) blood*culture media made the day 
of. the experiment. The tube was sealed with a rubber stopper 
and the suspension incubated at 37° C. for 3 days. The sus- 
pension was agitated once daily during the incubation. At the 
end of the 3 day period, 1 wg of colcemid in aqueous solution 
was added to the suspension and the suspension was incubated 
for another 4 hours 

Aftér incubation with the colcimed, both the bone marrow 
and: the blood culture suspensions were centrifuged at 100 g 
for 5 minutes. The supernatant was removed and the cell : 
buttons resuspended with 0.075 M KCl for'15 minutes at room | 
temperature. The suspension was then recentrifuged as before 


and the supernatant removed. The cell buttons were resuspended 


in 5 ml of fixative (3:1, methanol: glacial acetic acid), then 


7 7 allowed to stand at room temperature for 20 minutes before 
being recentrifuged. The process of changing the fixative was 


5 repeated twice until a final suspension was made for smear 
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preparation; A chromosome spread was made by dropping a few drops‘ of the 
preparation onto a pre-cleaned microscope slide previously dippled into 
distilled water. The slides were air dried then stained with Giemsa 
tein diluted 1:20 with distilled water for 10 minutes. All slides were. 
coded with a diamond pencil and then covered with a glass cover slip to 
protect the preparation. 3 
The. slides were seanned under low power magnification (70X) and cells 
~ _ selected-for inclusion on the basis of the quality of chromosome’ spreading. 
_ Once selected, the cell was microlocated using the stage calibrations so as 
to preclude the same cell being used more than once. Seven to 10 slides « 
_ were made from each rat bone marrow or blood suspension, and the cells used | 
“ : for analysis were always obtained from-more than one slide. In the case of . 
_some of the blood preparations, all available slides were completely searched | 


before it was recorded that no me were present. All metaphases 
selected for use were pho r Oil immersion magnification (2900X) 


using a Zeiss photomicroscope, enlarged (2X), and printed for analysis. 

These prints were coded to prevent bias. Independent scoring was carried 

out by two investigators. In case of doubts or disagreements between the 

two, the original cell was re-checked with the microscope and a third opinion 

obtained. 

* — metaphases were scored for mmerical and structural aberrations. 
Mmerical aberrations consisted of polyploidy, aneuploidy and endoreduplica- 
tion. Structural aberrations consisted of achromatic lesions, chromatid 
deletions, chromosome deletions, rearrangements, minutes and fragmentation. 
An arbitrary definition was used to distinguish lesions and deletions: 


deletions- any distinct discontinuity in the chromatin\which exceeds the : mars: 
. width of a chromatid of that cell. Lesion- any discontinuity which is less “% 


| than the width of a chromatid and in which the distal piece is aligned with ; 
| the proximal piece, or which contains visible materiz connect ing the proximal 
| 31 


and distal portians: regardless of the width (Nichols et al., 1972)* | 
A maximm of 20 metaphases were analyzed at each time period for every 
rat using slides prepared from blood. specimens. In some cases, abnormal 
cell-types were found containing several nuclear bodies of varying size. 
_ These were denoted as chromosome pycnosis (Koller, 1972) and the frequency 
of this type of cell per 1000 normal -appearing nucleated cells were scored. 


For bone marrow analysis, 50 netepliases were scored for each rat at the Pd 
J 


A modified version of the. mouse ‘dominant lethal technique reported by 
© Bpstein (1973) was used for testing the rats. The cytogenetic blood culture 
- procedure*employed was similar to that reported by Farrow-et al. (1975). 
Biopsy technique and culturing for serial sempling of\ tone 
marrow specimens were developed and refined by J. Nemenzo of thjs department 
(1975). | 


Micronucleus Assay + 


‘Twenty-five male, 5 week ot, Long-Evans rats (110-135 g) were randomly 
—. divided into groups of~five for use in a micronucleus assay. The procedure . 

_ used was a modification of that reported by Schmid (1975). The negative 
control group received olive oil (1.0 ml/kg) and the positive control group 
was treated with aqueous TEM (0.25 mg/kg). The remaining three groups received 
injections of benzene-olive oil. The benzene doses used for the 3 groups were 
-0.05 ml/kg, 0.10 ml/kg and 0.50 ml/kg. All treatments were intraperitoneally 
injected, one-half of the total dose at 30 hours and 3 at 6 hours prior to | 
sacrifice. Thirty-six hours after the initial injection, the rats were | 

sacrificed by carbon dioxide inhalation femur was 

dissected from each animal. The cartilagious cap was removed and a small 


piece of the apiphysis at the distil end of the femur was clipped off 
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opening the femoral canal. The ball joint was cut from the proximal end. 
and a 19 gauge disposable needle tightly inserted into the remaining , 
* portion of the ball” joint shaft. A syringe containing 5-ml of fetal calf 
serum was securely attached to the needle and the bone marrow flushed from 
the femur into a tube. The mixture was immediately agitated to separate 
6 and suspend the bone marrow cells.- ~The tubes were centri fuged at 100 X g 
for 5 minutes and the supernatant drawn off. The cell button remaining was 
mixed by agitation and a small amount aspirated into’ a siliconized capillary. 
A drop was placed on a pre-cleaned glass slide and spread by pulling a cover 
slip over the slide. Ten slides were prepared from each. animal and allowed 
to air dry overnight. - All Slides were coded using a diamond pencil. 

The following day, the slides were stained in groups of 30 using 
horizontal staining jars ahd a staining rack. - The slides were stained in 
undiluted May-Greunwald solution for 3 minutes, in May-Greunwald solution 
diluted with buffered (pH 7.4) distilled water 1:6 for 10 minutes, The 

tack of slides was rinsed in buffered distilled-water, the individual slides _ 
removed from the rack and blotted dry on filter . The back of each 
slide was cleaned with methanol and the slides replaced in the rack. After . 
all 30 slides were cleaned, they were cleared in xylene for 10 minutes and 
covered with glass slips using slide cement. The slides were air dried for 
2 days to allow the cement to set ani then scamed wier ofT | 


(2900X) magnification using the Zeiss photomicroscope. 


erythrocytes containing micronuclei noted while scanning the 2000 polychro- 
matic cells was recorded as an internal control for artifacts resembling 
micronuclei. 


+ 


Statistical Procedures | 

" | Comparison of sample means by the t-test was used in several of the ba 
euperinants. This: of comparing the tagnitule of the | 
difference between the two means (X, -X,) with an estimate of its standard 

. error, S¢q .y’)» and referring to the t distribution as expressed below. 
If the observed t exceeded the tabulated critical value for t at p =s0.01 
or p-= 0.05 with the calculated ‘degrees-of-freedom (df) contributed by both 
samples, it was concluded that the means differed from each other signifi- 
cantly (Goldstein, 1964). The following. formula was used to © calculate the 


ues. 
> 


n = sample size 


x = sample measurements 
X = £x/n = mean 


df=n, +n, - 2 


2 


| In the analysis of two measurenents made in the dominant lethal. experi- 
ment, dead implants/pregnant female and dead -implants/total 
implants per pregnant’ female, an arcsin transformation of the 


basic data was applied before computation of ‘the t value. This - 
was used to stabilize the variances which were derived from 
basic. observations that have a binomial distribution. Thése 
observations are proportions, where the variance and means are 
related and trans formed with the ‘following 
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formila (Winer, 1962): 


1 | 
X' =2 arcsin (x)? 
A Chi-Square test, using a 2 «x 2 contingency table was used for : Q 


determining significance between enumeration data in the experiments. — 
category 1 category 2 
# observed a oan 
# without d 


‘ | 
An estimated expectation for each cell of the tablg-from thé podled data was 
Soternined.  The-eantribution of cech cell to Cii-Square wes calculated 
making the Yates’ correction for continuity using the method outlined by 
Goldstein (1964) with the following formula: : 


(Jad-be| - hy? 

The calculated values were compared to tabulated critical. values of Chi-. 

| In extreme cases, where one or more of the cells in the 2 x 2 contingency 
table contained values smaller than 5, the above method was not valid, In 
these cases, its necessary to compute the exact probability to determine 
significance. The following formila was used for this purpose (Goldstein, 


An analySis of variance (AOV) was conducted on the control olive oiljy _ 
_ data in the dominant lethal experiment. Five one-way AOV were made of samples 


| 
pe (atb)! (c+d)? (b+): 


was partitioned for that arising between males for each test week and within 
the males for each week. An B-ratio of the variance estimate between treat~. 
ment weeks and within treatment week was compared to critical table values . 
. for significance at p = 0.01, ‘The F-ratio was calculated from the following 
$s = sum of squares 
| between-sample SS 
= within-sample ‘SS 


measurement in a particular sample 
= overall mean 
of measurements in a particular sample 
df (between males) = ofmiles-1 °° 
(within males) = muber of females assigned to. individual 


between- 
Feratio = So 


e 
where: 
ere. 
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RESULTS 

Host-Mediated Assay 
Results of the host-mediated assay conducted using benzene are 

presented in Table 1, No deaths occurred in the control mice and the mice 
treated only with benzene. The mice pre-treated with phenobarbital (Pb) 
appeared to be severely affected by the Sgjectices of 
These mice were sedated and lying on their backs following the first benzene 
injection. One mouse ut of the six originally in this group died within the 


- hour after this injection. The second benzene and saline injections were 


given to all the animals but the third injection was withheld as the Pb - 


_ fToup appeared as if they would not survive. 


During the procedure tnvolving~the inj ection of saline intraperitoneally 


| |. to flush and renove the bacteria, the loss of another data point fron the Pb 


group occurred due to contamination of the peritoneal sample. This left only | 


four animals in this group. 


The mean mutation frequency (MF) and standard deviation for each group 


| along with the individual MF calculated for each mouse are shown in Table 1. 


There\ was extreme variability noted in these values, Within the control 
group differences approaching 10-fold were observed. Considering this vari- 
ability, it was surprising that the mean MF for the groups were within 1 unit 


of each other. No significant differences can be demonstrated between the 


group means. 
Results of the bacterial plate assay using TA 1950 as the indicator 
organism are presented below. This assay was conducted .in conjunction with- 


the host-mediated assay for an in vitro comparison. 


\ 
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number counts/plate his’ revertants . 
of plates + standard deviation. 
control 13.4 + 4.0 | 
‘nitrogen mustard 5 280.0 + 164.9 


The mean spontaneous reversion rate of 13.4/plate is similar to that observed 
| using this strain in other plate assays. | 
| kill-area in ‘the center of the plate of 5 to 10 mm rved on all ates. 3 
"tn this area no revertants or background growth was ob obse - The mean re- 
version rate of Ve 0/plate indicates some lethality to the organism by high 
concentrations of benzene encountered in the central area of aqeepantian as 
noted above. A 20-fold increase in the reversion rate per plate was observed 
with the mustard, 


Liver-Activated Plate Assay 8 | 

| Tables 2 and 5 contain the data obtained testing the effect of the two 
differently induced liver fractions ‘at ‘several concentrations with benzene 

in the activated bacterial assay. . TA 100 and TA 98 were used with several. 

k concentrations of benzene as shown in Tables 2 and 3, reapectively. Benzo(a)- 
pyrene (BP) was used as the. ‘positive control in both systems, With both © 
bacterial strains,. the liver prepared from 3-methy1cholanthrene (3-MC) induced 
animals produced more reversions using than the phenobarbital (Pb) - ~induced 
livers did. At 50 l/plate of S-9 fraction, the highest activation was 
obtained with the’ 3-MC liver with both bacteria strains. Use of 1 ul/plate 


appeared to ‘be below the concentration necessary for activation with the 5-M 
liver while the 10 ul/plate series produced some activation with both strains 
end both liver fractions. The 10 y1/plate cuisimecicion appeared to be the 

_ optimal concentration tested for activation using Pb induced-liver; decreased 


> 


activation was noted when more-or-less S-9 fraction was ised, The BP did 
not produce reversion without activation at the levels used as ‘demonstrated 


_ on the plates which contained 0 ul/plate of S-9 fraction. 


Control levels for spontaneous reversion using DMSO show little varia- ‘ 
tion at each liver concentration with both strains. There appeared\to be no 
Increased reversion produced by benzene with any of the liver concentrations - 
used. The differences observed fall within the observed rane{ot individual 


The average of the four protein determinations for each of the a 


liver specimens were 25.7 mg /ml for the Pb-induced animals and 23.7 ug/l 


for the 3-MC-induced animals. (Cotadiaring the methodology, these values are’ 
identical. | 
The work conducted using the bacterial plate iii 
addition of 1,1,1-trichloro-2 , 5-epoxypropane (TCPO) is summarized in Table 4 
and is al combination of several experiments. These data were obtained using 


a liver activation system peypared from rats treated with 3-methylcholan- 


threne. In the text table below are shown the data obtained without the | 


| addition of any activation system to check the response of the bacterial test 


system (TA 100) and to test Sones mutagenicity and lethality without meta- 


test: plate his” revertants/ test plate his” revertants/ 
compounds _ _ __plate compounds conc. plate 
82 benzene 1,0 yl 
ul 87 benzene 62 


crystal benzene 10.0 yl 


The spontaneous. reversion rate (negative control) and the rate seen with the 
addition of DMSO are essentially the same, 82 and 87, respectively. . One 
plate containing a crystal of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), a 


/ 


, plat 
| 
| 
’ 


positive control used to check the response of the system, was reverted 
with a count exceeding 1000 for the plate. Benzene in IMSO at the three be: 
concentrations tested, 1.0.y1, 5.0 ul and 10.0 yl, produéed no increase 
above the spontaneous reversion rate. At the highest benzene concentration, | Es 
(10.0 ul/plate) a definite lethality was observed with a > ion in nnd 
vertants on that plate versus plate comts observed fot “spontaneous 
control and the ‘lowest benzene concentration (i. 0 ul/plate), 39 versus 82 
and 83, respectively. 
The four series of test in Table 4 were conducted with the addition of | 
S-9 mix prepared-from rats induced with 3-MC and a concentration of 50 ul 
S-9 fraction/plate was uséd throughout the series. ‘In the various sections 
of this. work, tates This 
isa result of the tegts being conducted at different tines and accounts for 
the requirement that similtaneous controls be included each tine. In the : 
four experiments, an activation of the BP with allied increases in the 
reversion rates can be seen. reversion 
response with the highest rate seen af the highest concentration of BP. No 
_ increase in the spontaneous reversion rate was produced by addition of 
TCPO at the levels used (0,05-0. aS 00 Preliminary work had indicated that 
at a concentration of 0.5 mM and above increased reversion 
with the TA 100 strain therefore, requtrifig use the lower concentrations. 
A dose range of benzene from 0.1 to 2.0 1 produced no increase in the ~ 
neversion rate and the addition of TORO to the system had no’effect within - 
the range used when compared to the simultaneous controls. The combination 
of TCPO at all concentrations and the lowest concentration of BP (0.5 yg) | 
also produced values within range of those seen with the BP alone indicating 
no enhancement of the mitagenicity of BP by the addition of TCPO to the top 
z : agar. In the last series, incubated in the water bath, the levels of - 


. yevertants/plate are lower indicating lethality to the bacteria while _ Cg 
incubating but the pattern of the results remained the same; namely, no | 
enhancement of reversion with the addition of TCPO. . 
‘Data from the experinent performed Using analogs of benzene in conbina- > 
tion with Pb-induced liver s-9 mix are presented in Table 5. The DMSO and 
BP control plates are the same as those presented in Table 2 because the 
assays were simultanedfisly conduced. As can be observed, there was no 
increased reversion of the TA 100 strain noted with either bromobenzene or 
_ chlorobenzene at the concentfations used. 
The results obtained fron the two separate experiments attempting the 
use of homogenized bone marrow as the activation system in a bacterial plate . 
assay are presented in Table 6. Protein determinations from a pooled S-9 | 


fraétion of bone marrow from the non-induced rats indicate the presence of 


0.97 mg/ml. . The femurs from rats used to obtain the marrow were each flushed 
_ with 2 ml of KCl solution, The other S-9 fraction used was obtained from a 
3-MC-induced rats and each of these femurs were flushed with 0.8 ml of KCI 
solution in an attempt to provide a more concentrated S-9 fraction, The 
concentration of protein from this fraction’ was 2.0 mg/ml, 
é The results from both $-9 fractions verus benzene indicated no increase 
if the reversion rate at any concentration combinatich used. The number of 
revertants counted was within the range of that obtained using DMSO as 
control. A concentration of benzene (3.3 1) was used in the 3-MC-induced 
series and this concentration had a lethal effect on the indicator organism. 
The number of plate was reduced by 1/2 to 1/3. It was also 
noted that the background lawn of TA 100 was reduced, 
- activated with either S-9 fraction at any concentration. 


- 
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Dominant Lethal Study 
Presentéd below in the text table is the preliminary 
range- finding study conducted to determine the optinal dose 
‘tr use in the subsequent study. The animals were adminis- 
' tered a single ‘dose ‘of benzene-olive’ oil“mixture (1: 1) intra- 
_peritoneally and observed for two weeks to the 
death ratio. 


wei ht 


Dose Tat # y 0. ay / . da death ratio 
benzene 1 382 400 
2 371 375 397 tae 
1 ml/kg 3 254 257 273 0/6 
6 260 264 $2$ -- 
benzene 1 264 338 
2 273 dead 10 hours , 
2 ml/kg 3. 239- dead 10 hours 4/6 
| | 253 390 329 
252 . dead 10 hours 
6 268 dead 10 hours 
The dose for preliminary dominant lethal assays is 


0.2 LDSO. (Epstein, 1973). The observed 2 week mortality of 4/6 
using a dose of 2 ml/kg was used to calculate a dose of 0.4 
— ml/kg which was rounded up to 0.5 athe. 
| pane No deaths were noted in 19 rats injected with benzene _ 
use in the’ dominant lethal- -cytogenetic study. 
Similarly, no deaths were observed in the olive oil .control or 
| “Weiesinleotidenias (TEM) groups. The group weights (mean + 
; as stqhdard deviation) of thé treated male rats used for breeding 
and cytogenetic samplings are presented below. The animals | 
were weighed before injection and at the termination of the , 


breeding sequence (70 days), 


grams | 
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olive oil benzene. 

number of animals 10 19 
 day0 - 362 +19 g 353 + 22 g 367 + 28 g 
day 70 $41 + 21 g 500 +41 g 497 + 53 g 
weight gain (mean + S. D. ) . 180 417g 147 + 45 g 5 g 


Comparison of the weight sain between the olive oil groupe - 
and the TEM and bensene groups indicate significant nicer 
p < 001 and p < 0.05, respectively. me 
A summary of the necropsy data from the 10 week douinant 
lethal study is presented in Table Fe The? parameters measured 
are listed with the group value determined by. week. Five one- 
way analyses-of-variance were per formed on the control group 
data for the 10 weék period. Parameters analyzed were number 
of pregnant females, number of implantations/pregnant female, 
number of dead implantations/pregnant female, number of dead 
_implantations/total implantations for each pregnant female and . 
the pre-implantatfon loss. No significant differences were 
detected in these categories in the contre! group over the 3 
count of the experiment. One male rat in the olive oil group 
proved to be sterile for the entire exper ipaat and all data 
derived from this rat were discarded. 
Se A comparison was nade each week between the olive oil 
@roup-and the benzene and TEM grew of the fertility index 
- _ defined as the number pregnant/number mated. Using a Chi-Square 
} “analysis, no significant. differences were detected at any week, 
_ The total implantations/pregnant female for each gr’ up by 
week was, analyzed using at test. The Olive oil and benzene 


data showed little variation by week. A decrease was observed 


gf 


for the TEM group week 2,.3 and 4 with the minimum at week 4. 
: This decrease was significant (p < 0.01) each of the three ~ 


weeks when compared to the olive oil control values of the 


concyrrent week. 


The group ratios of dead | implantations/pregnant female 


and dead implantations/total implantation are presented in the ‘ 
“nekt two columns. No significant differences were detected at 

any week in either parameter between the olive oil and benzene 


| groups . The TEM.group showed @ significant (p < 0.01) increase 


the first 5 weeks in both values when compared to the control. 


The highest increases were observed in weeks 2, 3 and 4 with 


the values returning to control levels by week 6. The pre- 
implantation loss/pregnant female, defined as the corpora lutea 
count minus total implantation count/pregnant female, is given 


by week for the groups. No significant differences were de- — 


se tected at any week between benzene and TEM data when compared 


to the controls. 


Bone Marwan Cyto enetic Stud 


The data obtained from. eytégectic analyses of bone marrow 
samples taken at 1, 8, 30 and 70 days following a single admin- 


istration of benzene or olive oil are presented in Tables 8 and 


9 Kg summarized in Table 10. In Table 8 are shown the total 


number of each typ¢ of aberration for each individual animal 
detected from screening 50 metaphases per animal at each timie 


period. Table 9 contains similar data presented on the basis 


F of the number of cells from each individual animal which con- 


* tained the aberration. From these two tables containing the . 


data of each animal, it can-be seen that the aberrations 


" 
| 
“> 
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observed were spread among. the animals in that group and 
concentrated entirely in one member. The. ddta from Tables 8. 
and. 9 were pooled for analysis and are presented in Table 10. 

_ Several observations can-be made regarding-the data in this 
table. 

4 Achromatic lesions (gaps) are variable even in the olive 3 “* 

oil group. ' This parameter was recorded: and included for analy- 

sis even though Nichols et al. (1972) and Legator et al. (1973) 
report that gaps are the least conclusive measurement. A signi - 
ficant increase (p < 0.01) was noted in the benzene group at 24 
hours. In contrast, at 8 days, the olive oil group was elevated - 
above the benzene group but both values are much * lower than that 
for benzene at 24 hours. 
Square test. Based on the number of cells containing the 

* aberration at each time period, a significant (p < 0.01) increase 
was noted at 1 and 8 days in the benzene group compared to the 
concurrent control. The data on this parameter at 30 and 70 

” days were not significantly increased but a‘trend can be seen. 
The increase’ observed in the number of cells with breaks in the 
benzene group gradually falls off aperoeching coatro! level at 
70 days. Control levels of breaks maintained a fairly constant 
level of 4 or less cells affected at each sampling period. 
Chromosome deletions present a striking example. of this P becuse 
fall with time. A significant increase (p < 0. 01) was Stcal 
at 24 hours with diminishing numbers found until by 70 days no 


| chromosome deletions were detected. In contrast, no chromosome 


J 
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deletions were observed at anytime in the control group. 
Rearrangements. of different types were noted, always in 
the benzene group, but the number detected was too small to 
be significant statistically. 
Double minutes present another- type of aberrationywhere. 
none as found’ in the controi group but they were detected in 
the benzene group. Again the number found was too small to 
be statistically significant but as can be seen, this type of | 
"gherretion appears to persist. Per ‘two hundred cells analyzed 
at in the benzene group, 2 were found at 24 
hours, 2 at 8 days, 1 at 30 days and 3 at 70 days. 
One polyploidy was noted in a benzene. treated animal at 
8 days. No other polyploid cells were. detected and oe 
ficance can be made- 0 ‘the one aione.: 
An analysis of he number of cells: observed : at each time 
. period for each group that contained the normal count of chromo- 


somes is presented below. 


Percentage of cells containing the normal complement 
of 42 chromosomes (mean + standard myroetiong 


1 day 8 days 30 days y, 70 days | 
control. 82.5 + 8.5 88.0% 4.9 91.5.4 5.3 93.54 
benzeme 2.0° 89.5 46.8 92.0% 3.7 88.8 7.1 


There are no significant™differences between these values at 
each time period when compared with the simultaneously run 


control. 


> 
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Blood Specimen Cytogenetic Study | 


Yo In the same manner as the bone: marrow data, the peripheral ~ 


bicod cytogenetic data are presented in Table 11 as the total 
number of aberrations found in the cells analyzed and in Table 
12 as the number of cells containing the specific aberrations. 
Both are on the basis of the individual animal. The data were 
pooled and are summarized in Table 13. f 
Difficulty was in the of the lympho- 
cytes from the blood samples at the last two Sapling periods + 
v4 of 30 and 70 days. The blood samples were not stimulated by 
the phytohemaglutinin P used to a sufficient degree to obtain 
the minimum of 20 metaphases used for analysis. At 70 days, 
only one control animal produced enough metaphases. for total 
analysis, two were somewhat responsive so at 13 and 14 meta- 
phases were locates using all ten. slides available and one 
sample produced no metaphases. This nakes it difficult to 
extract useful data from the 70 day data. ‘The 30 day control 
data were entirely useless. | 
At 24 hours, only one benzene animal (#6). responded with oe 
the satis for analysis and two produced none 
while one metaphases was found for the other. All control. 
. animals were sufficiently | stimulated to obtain 20 motésheses 
per animal. The 8 day sample from control animals again gave - 


20 metaphases per animal. In the benzene group, the same 


— wer animal (#6) produced 20 again. Rat #5 appeared to be recovering | 


from treatment and 18 metaphases were located. Rat #7 was still 


er suppressed and only 5 were located while rat #8 was totally 
suppressed. Because a 100% response was noted in the control” 
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. animals at 1 and 8 days, it is felt that the failure to locate 


the minimum of 20 metaphases in the benzene-treated animals 
at 1 and 8 days is due to the benzene treatment and not to 
technique problems as encountered at 30 and 70 days. 
A Chi-square analysis of the number of cells containing 

the epoekie therretions was made for each time period between 
' the pooled data of the olive oil and the benzene groups. Due > 
to the very small numbers of cells analyzed and the correspond- 
ing number of aberrations found, no significant differences | 
‘were detected. It should pe. noted that double minutes were 
again observed solely in the benzene group, 1/21 cells at 24 
hours, -3/42 cells at 8 days and 1/53 cells at 70 dys. The 
_ ‘presence of. this type of aberration was constant and persistent. 
No polyploid cells were observed and only 2 rearrangements in 
one cell of a benzene- treated animal at 8 days. 

3 As in the bone marrow study, no significant differences 
were detected between the percentage of cells containing the 
normal complement of.42 chromosomes. The data are presented 


Percentage of cells containin the normal 
complement _ of 42 chromosomes ‘+ std. dev.) 


Cate 


“control 97.5. + 2.9 6.84 18:2. 
benzene -97.5 3.5 89.3 9.3 86:3413.1 


The slides prepared es a specimens of each rat 
_ were scanned for viable nucleated Sells actively growing. In 
the benzene treated animals, cells were ‘observed which contained 


‘chromosome pycnosis (fragmentation). No pycnosis was observed | 
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in any of the olive oil control slides. The data from the 
benzene animals are summarized in Table 14. Two observations 
can be made from these data. The number of pycnotic cells 
-observed/1000 viable nucleated cells falls off with time after 
treatment in three of the four animals. Athe animal (rat #6) 
in which the minimum 20 metaphases were found for analysis at 
1 day was the’ lowest in preactic count. The same observation 
can be made at 8 days. The data are confused at 70 days by 
the failure of the PHA-P to stimulate fully but pycnosis was 


again observed in all animals. 


Micronucleus -Assay 


The data from the micronucleus assay are presented in : 
Table 15. The data obtained from all 5 animals. in. each. group 
~ were pooled, the mean value calculated and. comparisons made — 


with the control olive oil values using a t test. The values 


observed with the lowest benzene dose of 0.05 ml/kg were not . a 
significantly different from the control value while the other | 
two levels were cic taramenaad (p < 0.01) increased 2- to 3- fold 


above control levels. The number of micronuclei observed with 


A used as positive control was also significantly increased 

» < 0.01), approximately 12-fold. While count ing the number 
-of, polychromatic cells containing micronuclei, a running total 

. o£ the number of normal erythrocytes containing micronuclei 
_was kept for control purposes. In all rats, the number varied 


from 0. to 5 indicating little tater by artifacts. in the 


"procedure: 


| | 
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Table 2. Liver- Activated Bacterial Plate Assay using 
Salmonella typhimirium TA 100 


his” revertants/plate 


pl/plate S-9 fraction (3-MC liver) 


Benzene 0.1 ul 
Benzene 0.5 yl. 186 283 162 
Benzene 1.0ul § $$‘135 155 156 154 

Benzo(a)pyrene 5S ug 123 155 | 252 714 1489 


ul/plate $-9 fraction (Pb liver) 


DMSO 25 ul - 159 164 
Benzene 0.1 ul 146 164 152 147 
Benzene 0.5 ul 2 - 159 170 73. «ee 
. Benzo(a)pyrene 10 ug 218 316 281 249 


One plate was used per compound with each 


b 3-MC = 3-methylcholanthrene, Pb = sodium phenobarbita. - See 
method section for procedure... é 
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Table 3. Liver-Activated Bacterial Plate Assay using 
Salmonella typhimirium TA 98 


his” revertants/plate 


ul/plate S-9. fraction (3-MC liver) 


DMSO 25 yl 17 18 18 
Benzene 1.0 yl 24 34 
Benzo(a)pyrene S ug | 15. 86 187) 333 

“DMSO 25 ul . 18 
Benzene 0.1 yl | 33 27 23 
Benzene 0.5 ul - 17 19) 22 
Benzene 1.0 ul 16 
Benzo(a)pyrene 1. ug 91 62 51 


one plate. was: used ‘Der with each liver fraction 

trat on. | 

MC = 3- Pb = phenobarbital. See method 
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Table 5. Liver-Activated Bacterial Plate Assay of Benzene 
Analogs using Salmonella t typhimurius LT- 2 TA 100.. 


revertants/plate® 


pl/plate S-9 fraction (Pb livers) 


Bromobenzene 1.0 ul 146 169. iss 
 Chlorobenzene 0.1 yl 164 128 176 
Chlorobenzene 0.5 ul 193 161 
Benzo(a)pyrene 10 ug 218 “316 


@ One piste was used with each compound at each liver concen- 
tration. Pb = | 
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Table 6. Activated Bacterial Plate of Benzene using 


Salmonella typhi suriue LT-2 TA 100 with Rat Bone Marrow | 
Homogenate as the raction. | 


| 2 


his” revertants/plate® 


‘Benzene 0.1 yl 200. 119 156 
Benzene 0.5 ul «138,138 128 
Benzené. 135 - ‘135 139° 131 
DMSO 25 162 127 143 124 
“Benzene 0.5 ul. 161 
Benzene 1.0 wl 140 iss 134 
‘Benzo(a)pyrene 10 | 158 156 155 156 162. 


—- 


® one late was mace with each compound at each S-9 fraction concen- 
tration. 

‘Protein on the S-9 fractions indicated 0.97 mg/ml 

. for the*bone marrow from _non- induced ‘rats “and 2.0 mg/ml for the 
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| : Table 14. Chromosome Pycnosis Data for Serial Blood Specimens 
from Rats® following a’ Single Intraperitoneal 
i Administration of Benzene (0.5 ml/kg). 


rcnotic cells/1000 viable nucleated cells 


rat no. 1 day 8 days 70 days 
8 a 
- 184 4.6 6.3 + 3.5 


* The same four animals were sampled at each time period. 


b Mean + the standard deviation. 
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DISCUSSION: 


Any discussion concerning the mutagenic potential of a 


chemical should be preceeded by a short review of the problem. 


/ ma erial in an organism or cell not due to polypl 


A sutetion can be defined as any hereditary alteration in the 


informational content or in the distribution of hereditary 
or re- 

combination (Freese,. (1971), The mutation may-be the result of 

a chemical transformation of an individual~gene (point muta- 


tion) or it may involve a gain, loss or rearrangement of a 


"chromosome or a part. of a chromosome (chromosomal mutation). 


Mutations can occur in germ cells which are used for propaga- 


tion of the organism and in somatic cells which do not contri- 
bute to the progeny ‘a ‘the organism but. die with it. Mutations 
aay lead to morphological 6r biochemical changes with the con- 


- sequences depending on the developmental state of the organism. 


‘Most mutations producing effects large enough to be observed 


are deleterious, although they may produce effects of Tittle or 
no consequence and in certain rare cases may be advantageous a 
(Committee 17, 1975). It is generally accepted that most muta-— 
tions are detrimental. to the organisn. Fis 
Assays for detecting mutagens have as their endpoint muta- 
tion and many organisms and systems have been developed to 


ascertain this effect. Basic recommended programs suggest the 


_tésting of compounds in three mammalian systems, the dominant 


lethal, host-mediated ‘and in vivo cytogenetics (Mrak Commission, 
1969) with any ancillary systems that may be useful. The 


recommendations indicate a degree of confidence in the precision 


fe 
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g, and interpretation of results from these methods but there 
- is also uncertainty because of a lack of experience with the 
-probleas of methodology and interpretation (Friedman, 1973). 
The research reported in this dissertation had as its 
endpoint an evaluation of the mutagenicity of benzene. In 
addition, \s direct comparison of two methods was made possible 
by the simultaneous use of more than one procedure. The results 
the various tests employed will be discussed-in reistion 
: with each other as well/as to the problem of benzene mutageni- 
| Mammals can convert non-mutagenic compounds to highly 
mutagenic métabolites. In order to combine the metabolism of 
mammals with the sensitive microbial systems for measuring 
point mutations, the host-mediated assay and in vitro activa- 
tion systems were developed. In the. host-mediated assay 
(Gabridge aa Legator, 1969), a host animal is injected with 
an indicator microorgenisa in which mutation frequencies can 
be measured andthe animals are then treated with a potential 
mutagen via a different route. . After a time period, the 
microorganisms are withdrawn from the animal and the induction 
of mutants determined. A comparison is made between the 
ability of the test compound to mutate the indicator micro- 
organism in the host and on the organism directly. The results 
can be used to indicate if the host can detoxify the compound 
or if mutagenic products can be formed as a result of host 
metabolism. Using. this system, streptozotocin, cinethyinitre- 
samine (DMNA) and cycasin have been demonstrated to be sources 
of active mutagens as compared to in vitro assays where the 
parent molecules were inactive (Legator and Malling, 1971). 


‘ 

> 
| 
‘4 


| In ay host-mediated study, a histidine auxtroph of 
Salmonella typhimurium LT-2 was used. The parent organism 
! has a base substitution which alters one codon in the mRNA 
from the gene coding for the first enzyme of histidine bio- 
synthesis and requires histidine for growth (Ames, 1971). 
The specific strain employed (TA 1950) has a deletion through 
the uvrB gene which also includes the nitrate reductase and 
biotin aaa ‘This particular strain was used in place of the - 
3 standard TA 1530 strain which has” an additional mutation for 
partial loss of the barrier that coats the 
| , _ surface mse the bacteria because in previous work at this lab- 
oratory, viability of the TA 1530 strain proved to be a problem 
in the mouse peritoneum. The _TA 1950 was considered to be 
advantageous over the parent hisG46 due to the additional muta- 
a tion, uvrB, which produces a defective excision repair system 
that greatly increases the sensitivity to mutagens. 

From the results, benzene was not mutagenic in the host- 
mediated assay nor in the in vitro plate assay conducted 
without any Seti vetieg, The proximity of the indicator organ- 
ism to the site of metabolism is probably related to mutagenic 
activity in terms of axtete of magnitude. Malling and Frantz 
(1973) presented data that indicated that the peritoneal 
cavity was a very ineffective place to measure labile mutagenic 
metabolites formed in the liver. Highly reactive metabolites 
may be short-lived and not easily survive transport from the 

liver to the peritoneum. Their work also demonstrated that an 
‘in vitro activated system was a few orders of magnitude more 


sensitive than the intraperitoneal host-mediated system. In 
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A the in vitro activated assay, the indicator organism can more easily come 
in contact with an active metabolite. Another problem with the host- : 
mediated assay is the survival of the host which determines the maximm 
bse that can be used. The toxicity noted after two injections of 0.1 ml 
of benzene precluded further injections or increased dose. The benzene may 
be too toxic to allow an adequate dose to be given the host animal so that 
a mutagenic concentration can be distributed to the peritoneal cavity and 
the indicator organisms, 
Considering the methodological and possible theoretical problems 
associated with the host-mediated van. to wip of-en 
in vitro plate assay in conjunction with an in vitro metabolism system, 
Ames et al. (1973). published a procedure using an in vitro activation 


circumvented the problens a). of toxicity of benzene to the host but not to 
the organism, b)_ of the viability of the organism in the host and c) of 


the potential transport of a labile metabolite to the organism. It also 
enabled the use of more sensitive-indicator organisms. 
Ames's research group improved the tester strains for mutagenic assays 


introducing two new strains, TA 100 and TA 98. The TA 100 strain has the 
"same histidine mitation, a base substitution, and uvrB deletion as the _ 
previous used TA 1950. In addition, the TA 100 strain \contains two refine- 
_. ments. A rfa (deep rough) mutation which removes the“ lipopolysaccharide 
coat down to the ketodeoxyoctanoate-lipid core that facilitates penetra- 
tion of large mutagens to the cell membrane (Ames et al., 1973) and the 
addition of an R factor plasmid, pKM101, which 


stem with his Samonélla typhimurium strains. Use of in-vitro activation . 


increases sensitivity to some ooupeunde* Octane et al., 1975). 
The TA 98 strain contained a histidine frameshift mutation, , sa 
hisD3052, as well as the previously discussed rfa, uvrB dele- 
tions and R factor. At present, these two strains are the 
most sensitive available from the Salmonella t typhimirium series. 
TA 100 reverts well with methylmgthanesulfonate, -N-methyl-N'- 


‘nitro- N- -nitrosoguanidine, furylfuramide, niridazole, and TA 98 


with 4-nitroquinoline-1- oxide, 2-nitrosofluorene, ICR-191.° 
Both strains with activation are reverted by aflatoxin Bi» 
benzo(a)pyrene, 7,12-dimethy1benzo(a) anthracene and 2-amino- 
(McCann et al., 1975). | 

The plate assay involving activation is nét a simple 


enzyme assay. Various complicating factors influence the yield | 


of revertants such as the amount of, S-9 used on the plate, the 


activation then further inactivation of compounds, and the loss 


of activity of the system on incubation (Ames et al., 1973a). 
Over the range of S-9 fraction (0-50 ul/plate) and benzene 


(0.05-1.0 ul/plate) used, no mutagenic response was noted with 
either strain or either induction system for the animals, 

“The lack of reversion seen using the in vitro test system 
with an induced liver homogenate may be a function of several 


factors. Foremost would be the assumption that benzene itself 


.or its metabolites are not mutagenic in the system:~ Alterna- 


tives would again be with the system. itselfe. Although benzo(a)- 


pyrene was activated, in vitro metabolism of benzene may 


as efficient due to lack of the right cofactors or other condi-. 


tions which are required for its biotransformation. Snyder et 
al. (1967) reported only 1-3% of the added benzene was meta- 
bolized using rat liver homogenates. Jerina and Daily (1974) 
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suggested that a low rate of setabolism of benzene and insta- 
bility of the suspected epoxide intermediate in liver homo- 
genates were responsible for their inability to detect the 
metabolite. Incorporation of l, 1, 1-trichloro-2 »3-epoxy- 
propane (TCPO) into the system was an attempt to circumvent 

the problem of eurthes metabolism of the intermediate. Oesch 
et al. (1971) reported that TCPO was &_potent uncompetitive 
inhibitor of epoxide hydrase. The problem ‘encountered in this 
attempt was that TCPO was mutagenic in ‘the assay system by 
itself. The concentration had to be kept below the threshold 
level of mutagenicity which may be also below the level 
necessary for adaquate inhibition of the epoxide hydrase. At 
any rate, if the data reported by Williams (1953) using rabbits” " 
are any iadiecbliine phenol and its conjugates account for the 
aajor end products. of benzene metabolism. This step is thought 
to be the result of ou isomerization of the epoxide 
(Jerina et al.., 1968a), chorefere blockage of enzynatic hydra- 
tion by the addition of TCPO would have minor consequences on 
the concentration of the epoxide intermediate. 
| Testing of the two benzene analogs, bromobenzene and 

| chlorobenzene, was conducted using the liver activation system 
because these agents have as their prime toxicity, ‘hepatone- 
crosis. This action is believed to be the result of. an epoxide 
intermediate produced in the liver (Brodie et al., 1971). It 
ewas felt that there was an increased possibility that these 
compounds would be metabolized in the in vitro liver system. 
Phenobarbital-induced livers were used as this type ofvinduction 


was reported to enhance hepatonecrosis using in vivo experiments. 
70. | 
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Neither agent was positive. +. 


‘Use of bone marrow homogenate as the S-9 fraction was an 
attempt to try another -activation system for use with benzene. 


It seemed possible that bone marrow may provide activation 


since this organ system is the major site of action of benzene. 
The first experiment using non- induced rats indicated no acti- 
vation with either benzene or the benzo(a)pyrene used for: 
control. After making protein determinations, it was found 
that the concentration was 25-fold less than that of the liver 
fractions. In attempting to increase the concentration a | 
‘doubling was obtained but because of a fairly large eolune of 
fluid must be used to completely flush the femur with tle | 
technique used no higher concentration could be achieved. In- 
‘duction of the animals with 3-MC before removal of the marrow 
A Femail because this treatment gave the best activation with 
liver No activation ‘of benzene or the control 
benzo(a)pyrene was observed; qowersd possibilities could account 
for this failure. “The cofactor system used in the S-9 mix was 
adapted directly from the liver system and aay not be optimal’ sh 
‘The concentration of protein from the bone . 
marrow samples, even from the 3-MC-induced ‘sfimals, was still 
much below that used for best activation using liver. Maximum 
activation of benzo(a)pyrene using 3-MC-induced liver was 
Be sts with 1.25 mg of protein per plate with no activation 


at 0.025 mg per plate and little activation at.0.25 mg/plate. 


The highest: protéin concentration per plate used with bone 
‘marrow was 0.20 mg and this is at the lower range for activa- 


tion of the benzo(a)pyrene even for 3-MC-induced liver. As a 
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beginning, I would suspect the metabolic activation system | 
in the bone marrow plate assay as being inactive. 

Finally, some consideration should be given to the detec- 
tion system employed in the preceeding work. The most recent 
tester set, TA 98 and TA 100, are the most sensitive available 
of the Salmonella typhimirium series for detecting point muta- 
‘tions., This system is based on a reverse mutation at a specific 
site within the histidine’ gene and the original mutants were 
produced by a known type of DNA damage, base-pair substitution 
or frameshift mutation. It is possible that point mutations 

using benzene may occur in other -base sequences not represented 
in the eouerse system of the two strains. Ames (1933) reported 
that carcinogens and mutagens have specificity is the DNA 
sequence in which they produce mutations. Different results 
may be obtained in experiments with forward mutation systems 
Which detect genetic damage throughout the gene rather than a 
specific sequence for reversion (de Serres; 1973}. | 
‘The dominant lethal assay was used to evaluate potential 
mutagenic damage to germ cell lines. Other methods are avail- 
able such as cytogenetic evaluation of on mouse’ gérn’ 
cells but the dominant assay is the most widely used and thus 
has the advantage of much background data. A dominant lethal 
mutation is a genetic event that kills the individual carrying 
it in a heterozygous state. The genetic basis of the test is. : > 


“reported to be the induction of structural.and numerical chromo- 


somal anomalies which sequentially may induce pre-implantation 


losses of non-viable zygotes and early embryonic death (Bateman ‘ 


“xi. 


ve 
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and Epstein, 1971). This type of damage would be self- 
limiting but it is felt that azente that produce dominant 
lethality would = cause point mutations. With rats, use 
of a 10 week serial mating sequence provides a differential - 
evaluation of all the spermatogenic stages exposed to the 
chemical. Effects manifested in week 1 and 2 following admin- | 
istration of the chemical represent damage to sperm in the 
7 to spermatocytes and "weeks 8, 9 and 10 to spermatogonia 
; The assay conducted using benzene with triethylenemel- 
amine (TEM) as the positive control demonstrated no dominant 
lethal effects associated with the bensene treatment. Neither 
compound produced any antifertility effect. The TEM showed a 
definite dominant lethality at weeks 1-5 representing damage 
at the postmeiotic stage of spermatogenesis. ‘The lack of Fa 
effect by TEM on pre-implantation —_ as measured by corpora 
lutea count was not without literature precedént. © Green and ¢ 
‘Springer (1971) reported pre- implantation loss variability 
which may be due to corpora . lutea count problens and Epstein: 
et al. (1972) reported the same. The lack of effect seen with 
in this test may not completely rule out a germinal effect for 
Dominant lethal effects induced in meiotic and_premeiotic | 
stages of male germ cells tend to be selectively eliminated 


prior to fertilization (Bateman, 1973). — ‘It is possible that 
7 
benzene treatment may induce effects in the early stages and 


: | the damaged cells are selectively removed. The dominant 
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lethality would not be recognized if it killed or sterilized | - 
the gametes carrying it. In the assay, the test chemical is 
assumed to gain access to the spermatogenic cells in the semi- 
 -niferous tubules, tubuli recti, rete “testes, éttotent ducts, 
epididymis and vas defferens (Dixon and Lee, 1973). The blood- 
testicular barrier, a permeability barrier surrounding the 
seminiferous tubules. of mammalian eestis, ney exclude from the 
| lumen of these tubules many substances present in testicular 
“blood (Setchell et al., 1969:. Fawcett et al., 1970: Dyn and 
| Fawcett, 1970). This Suggests the possibility of negative 
- sresults due to distribution. Based on the ready passage through 
the blood-brain barrier, benzene would probably not be hindered 
but a labile metabolite such as an epoxide intermediate could be 
excluded. Benzo(a)pyrene bes reported to be positive in: 
dominant lethal testing in mice but further testing is indicated 
of 3 of experiments (Epstein 
et al., 1972). If the genetic eftedts of this compound are 
mediated through an epoxide intermediate as suggested (Ames ~ 
) et al.; 1973a), then the relative stability and reactivity of 
_ the tateracdiaten wey account for the different dominant lethal 
results observed for it and for benzene. To be effective, a 
compound mus t sshiave an adequate concentration at the site of 
He action, a- function of exposure, absorption, distribution, | 
binding, metabolism and excretion. The end determinant of the 


action of an individual chemical on chromosomes at the cellular 


level could vary according to the metabolic pathways open to it 
_ at that sité. The absence of localized benzene metabolism 


a 
a, 


within the testis could be responsible for the lack of dominant 
lethality observed. Finally, the dominant lethal assay measures 
a very narrow spectrum of germinal genetic effects and the many 
other possible effects would pass undetected in the assay. 
Cytogenetic analysis of bone marrow and blood specimens 
stands as one of the most widely-used methods of mutagenicity 
evaluation. One of the goals of genetic toxicology is to 
& develop tests that detect genetic damage and mutations with great 
sensitivity and to have these test relevant to man. No test 


completely ful fills this ~requirement but the cytogenetic techni- 
"que is an excellent method for detecting chromosomal abnormal - 
ities with sensitivity and the only one directly applicable to- 
adn. 

It has been seansil that any discussion of the genetic 
implications of induced chromosomal aberrations involves more 
speculation than fact (Grice, 1974). Changes in chromosomes 
can be heritable and are significant to the human populetion = 
(Carter, 1969). The question is whether cl : ogenic events can 
serve as an indicator for point mutations. There is a high 
correlation between the ability of an agent to produce point 
mutations and chromosome breaks (Nichols, 1973). - We would like . 
to be able to make quantitative estimates of the relation between 
a given dose of an injurious agent, the number and type of 7 


chromosome aberrations produced and the ultimate genetic changes 
or disease state which. would result this is beyond the 


present day state of the art (Nowell, 1969). Many chromosome 
aberrations will result in cell death or_at least the inability 
to complete mitosis, but some changes which functionally alter > - 
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- the-cell still leave it capable of proliferation. | 


The results derived from the cytogenetic portion of the 
study clearly indicate a clastogenic response with benzene | 
treatment. The work reported in-this dissertation is uniqué 
in that the were followed serially to ascertain 
the fate of the lesions. The results indicate a gradual 
falling off of the number of cells containing chromatid dele- 
tions, chromosome deletions and. rearrangements but not double 
minutes (DM). This last named type of aberration, sentehete’ 
exclusively to the benzene-treated animals, maintained a low 
but persistent presence even at 70 days post treatment. The 
blood specimen study did not prove to be as concise as that 


of the, bone marrow. The fragmentation as shown by chromosome 


pycnosis and suppression of metaphases in the initial portion 


of the study eliminated the possibility of detecting any signi-_ 


ficant number of aberrations. In contrast to bone marrow 


cells, which represent a heterogenous cell population, actively 


undergoing proliferation, blood specimens consist fof cireula- 


ting lymphocytes which do not divide unless stimulated by phyto- 


heamaglutinin (PHA). In the later portion of the study at 30 


and 70 days, the variation in the response of the lymphocytes 


to PHA further complicated the problem. Lack of stimulation 


of rat lymphocytes using commercially derived batches of PHA 


has been reported previously (Farrow et al., 1975). The 


presence of DM exclusively in metaphases from the benzene-treated. 


animals' blood specimens reinforces the findings in bone marrow. 


As before, the number seen was extremely small but some were 
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present at all time pivots and the number was relatively 
‘consistent regardless of length of time post-exposure. | 

DM are extremely rate aberrations in rat preparations 
from the author's experience. Sometimes called interstitial 
delétions (Evans and O'Riordan, 1975), DM have been associated. 
: with neoplastic conditions. Mark (1966) reported the finding 
of DM during chromosome york with Rous sarcomas in mice. 
Cytogenetic analyses of human neuroblastoma tissue (Levan 
et al., 1969), of human medulloblastoma and neuroblastomas 
tissue (Lubs and Salmon, 1965), and of nanan meningiomas 
(Zankl and Zang, 1971) also iatlansin che. presence of DM- like 
aberrations. In all of these cases, metaphases were located 
containing’ from one to several hundred DM. -In contrast, with 
the benzene treatment reported on here, DM ‘were usually singly 
located with the exception of two cells each of which contained 
Chromosomal aberrations induced either by radiation or 


' Chemicals. are selected against in proliferating systems but 


~"" in some cases have been found to ‘persist for long times in these 


" systems (Puck, 1958; Bender and Booch, 1963). In cells contain- 
ing an aberration several. possible fates have been postulated 
for the aberration at cell division (Carrano and Heddle, 1973). 
Lacking a centromere, the aberration could be lost to both | 
daughter nuclei or it could split with incorporation into one 
or both daughter nucjei. The third case would be incorporation 
of the aberration into one daughter nucleus. Data of Sasaki 
and Norman (1967) indicates that the second case rarely occurs. 


This means that fragment transmission appears to be an all-or- 
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“hone process with either both pieces going to a single 


‘daughter nucleus or the fragment is lost possibly to become a 


micronuclei. appears from the data with benzene treatment 


that aberrations affecting large portions of a chromosome 


: such as the chromatid and chromosome deletions produce cell 


se “death but the ‘DM follows the third prececurs and are incorpor- 


ated into one of the daughter nuclei upon cell division. The 
possibility also exists that cells missing the DM chromatin 


. fragments may be present. ‘Those cells if they survived would 


be scored normal but the loss in itself*mgy be deleterious. 


‘The micronucleus test was developed for screening chemi- 


cals for clastogenic effects in vivo (Schmid, 1975). This 


method detects the presence of fragments which resemble a 


nucleus but are much smaller. These satellite nuclei result 


from particles of chromatin material which do.not migrate to 


the poles during anaphase and are not incorporated into the 
nuclei of the daughter cells. Use is made of polychromatic . 


erythrocytes of the bone marrow to ease the analysis. Shortly 


after completion of the last mitosis, erythroblasts expel 


their nucleus but not the satellite nuclei. For several hours 


_ following the last division, the cytoplasm of these young 


erythrocytes retain their basophilic staining capacity (poly- 
chromatic) allowing the differential scoring of those cells” 
in: mitosis during’ a restricted period. By scoring these cells 
from bone marrow 24 hours after chemical treatment of. the | 
animal, a selected cell population which was undergoing mitosis 
at*fhe time of treatment is obtained. The method is relatively 
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rapad and the pecans permits the analysis of a large 
number of cells as opposed to metaphase cytogenetic tests. 
Relatively little background data -are available for this 
"method. Several strong alkylating agents, trenimon, mito- 
mycin C and TEM, have been evaluated and the results were in 
line with those expected from cytogenetic metaphase work. — 
contrast, recently published work with this method using TEM 
“ina dose-response study was not as concise (Jellema and. 
Schardein, 1975) probably a result of technique — wnt 
as artifacts. } | 
The benzene. study reported here denenshvated a dose-related 
- increase in nlésenndiies using 3 levels of benzene treatment. 
These results give added impact to the concern that benzene in 
vivo may be mutagenetic. The results did indicate a no effect 
level at the lowest level of benzene treatment (0.05 ml/kg). 
One regret regarding the combined dominant lethal- cytogenetic 
— study is that I was not 29%: up to do micronuclei tésting upon 
completion of the 70 ‘day’ breeding sequence. Analysis of those bye 
erythrocytes that mitesis the last 24 hours of the | 
study could have provided interesting date for comparison” with 
the chromosomal analysis. 


The lack of effect in the dominant lethal study as 
opposed to the very strong response observed in the cytogenetic “ 
| and micronuclei portions may be explained as outlined in the © 


dominant lethal discussion. All three systems assay chromo- 


somal mutations but the findings with one test substance re 
one test system are not necessarily to be expected with the 


same compound in another system (Schleiermacher, 1971). Results 
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from tests sconducted by this worker with cytoxan were 
interpreted to indicate that damaged spermatogonia seem to 
be much more sensitive to the agent than bone marrow cells. 


They appeared to undergo cell death while bone marrow cells. 


‘survived and reached the following mitosis. This same ae 


argument: could be applied to the dual benzene study. — 
The use of chronic benzene treatment preferably by 


inhalation exposure ‘as opposed to the single indeetion used 


_ in these studies may provide. different results in the dominant 


“lethal assay. as would be interesting to obtain data from 


such a dominant lethal dssay using the maximum tolerated level 


i. at 3 ‘days/week for 6 weeks to assist in the evaluation of 


occupational exposures. 
The frequency of genetic effects measured in various 


assay Systems can be affected by the usual pharmacologic factors 


such as ‘distribution, absorption, metabolism and excretion of 


the mutagen. Additéonal factors, in the detection of mutagenic 


effects would be the extent and effectiveness of repair. pro- 
cesses end immunological response. An apparent threshold of 
mutetion can be ‘expected. to occur and was detected 
using the micronucleus technique. But even though a compound 
may not be. mutagenic at the concentration used in a’ specific 
test, the total number of deleterious mutations induced with 
this concentration in the whole population over a prolonged 
period of tine could.be substantial (Malling, 1970). 1¢\ has 
been suggested that mutagenic effects are more insidious than 


toxic effects because a single mutated cell that multiplies 
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can produce a massive effect on an organism. In comparison, 


the death of a single cell is relatively harmless except when 


Sit occurs during embryogenesis (Freese, 1973). Bloom (1972). 
feels the evidence is convincing that populations with increased 
levels of imduced aberrations are at increased risk in terms of | 
development of malignant diseases. A no effect level in any 
sve is a function of the test system employed and “any altera- 

tion in the artificial test system can affect. this level. To 7 

make recommendations based on these no effect levels in the 


case of mutagens and carcinogens may be extremely hazardous. 


™ 
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SUMMARY 


Several conclusions may be drawn from this work. Acute 
benzene treatment appears to produce a strong clastogenic 


effect as demonstrated in both the metaphase cytogenetic study 


and the micronuclei test. ‘The cytogenetic results indicate . 
that one of these effects, the double minutes, are persistent.” ~ 


The possibility of other, more subtle and undetected effects, 


which persist ¢&n not be excluded. A dominant lethal effect 
and point mutations as measured in the bacterial plate a say 
with and without activation could not be demonstrated b(t are 
still not excluded. Based on the micronuclei test P jpn apparent 
no effect level can be ascertained for a mutagenic effect but 


extreme care should be exercised in its use. “Further evalua- 


tion using chronic inhalation studies should be considered. 
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